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Glossary
Gender gap/ gender divide
the disparity between different genders in society, and in turn including inequality of
opportunity
Scholarly publications
a means for a scholar to communicate his or her research finding with the scientific
community and beyond. They are often reviewed by peers in the field prior to publishing, in
order to ensure that the article is relevant and accurate.
Bibliometrics
The study of scientific publications for quantitative evaluation.
It tracks the author/s, the journals where the works were published, and the citations received.
It is sometimes referred to as scientometrics
H-index
an author-level metric that measures both the productivity and citation impact of the
publications. The index is based on the set of the scientist's most cited papers and the number
of citations that they have received in other publications.
Citation
a way to show that certain material in an academic publication came from another source. It
also gives the readers the necessary details to find the information and location of that source.
Journal ranking
A widely used approach in academic circles to evaluate academic journals. They are intended
to reflect impact and quality of the journal as well as its place within respective field.
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ABSTRACT
Research productivity and impact are highly valued in the scientific field. It is regarded as a
significant determinant of career advancement, financial support, academic recognition, and
prominent personal position. Unfortunately, this is an area that has demonstrated a long history
of gender disparity. This quantitative study aims to validate and identify gender gaps
concerning women’s research productivity to help assess effectiveness of interventions and
policies aiming to improve female participation and representation in scientific research.
Although, gender gap in scientific publications is a global phenomenon, but this should not
mask potential variations at both the national and regional levels. Hence this study is
contributing to the thin literature under this topic on the Arab region, focusing our analysis on
Egyptian researchers. The study lies at the intersection between bibliometrics and econometrics
using classic bibliometric indicators as the main variables under testing. Original data was
constructed and harmonized for the purpose of this study, extracted from Scopus Elsevier, the
largest citation and abstract database in the world. The study applies descriptive statistics,
regression models, and secondary research to examine characteristics of our sample, test corelations, and learn about potential women positive deviants. The study demonstrates a gender
gap in scientific research productivity and impact disfavoring Egyptian women scientists and
in line with majority of global literature assumptions. It argues the importance of number of
remedial policies and strategies on institutional, national, and global levels.
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I

Introduction

Gender equality is established as a cross-cutting intended outcome across the Sustainable
Development Goals (SDGs), with a strong role in fighting some of the most pressing socioeconomic and environmental issues we face today (United Nations, 2016). According to UN
Women, safeguarding women's rights across all SGDs is the only way to achieve justice,
inclusive economies, and long-term sustainability (Women, 2018). In science, there are plenty
of reasons why gender diversity and equality are crucial even beyond fairness and ethics (Bert,
2018). For instance, it brings in more gender consideration into scientific research, which is
found to lead to better and safer products and innovations for women catering for their needs
(Bührer, Schmidt, Palmen, & Reidl, 2020). Also advanced science and technology workforce
are always in short, getting more women in the field offers a great platform to extend talent
base (Bert, 2018). In general, women’s contribution boosts intellectual productivity,
maximizing utility of human capital and hence research output (UN Women, 2019). Tackling
the sustainable development challenges relies on harnessing all talents, which means getting
more women contributing to building innovative and effective solutions (UNESCO, 2020).
Unfortunately, this is an area that has demonstrated a long history of gender disparity. It
requires more efforts in studying the determinants of such gap, towards synthesizing effective
strategies and policies. It is critical to invest in pushing more women not only to enter science
but retain in the field, maximizing the share of women in scientific output and innovative
solutions.
The world’s pool of researchers has been growing much faster than the global population (three
times faster between 2014 and 2018). Nevertheless, share of women within that pool has not
been expanding with the same rate (UNESCO, 2020). It is not arguable that women are
underrepresented in the scientific field and especially in positions of decision making (Kahn &
Ginther, 2018). With increasing attention to drive gender equality in science, slow but gradual
increase has been witnessed when it comes to girl’s education attainment for scientific
disciplines (OECD, 2015). However, on the other side of this lane, women retainment in the
field towards science careers seems to be reducing along the path with increasing education
and professional responsibilities (Clesensio, T., 2019). Women represent a minority of senior
staff, get promoted more slowly, are less often trained in elite research groups, and are more
likely to leave scientific careers (Holman, Stuart-Fox, & Hauser, 2018). A vicious cycle of less
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access to funding resources, inequalities in hiring, earnings, and eventually a leaky pipeline of
women in science (Larivière, Ni, Gingras, Cronin, & Sugimoto, 2013).
A growing debate in science policy is shedding light on the interplay between research
productivity, recruitment, retention, and career progression in science. This constructs a chain
of inherent characteristics in scientific communities disfavoring women and strongly
contributing to gender disparity in the field (Sá, Cowley, Martinez, Kachynska, & Sabzalieva,
2020). It is well recognized that academic publications are considered the principle measure
of productivity for scientific research and the main trail of disseminating scientific knowledge
(Holman et al., 2018). Scientific publications have gained value since the emergence of science
communication early in the 20th century. With the exponential growth in scientific output,
quantification of science and bibliometrics (the study of scientific publications) also began
(Ball, R., 2019). Furthermore, characteristics of scientific production adds to the complexity of
bibliometric measures of achievements. In science, research teams are the fundamental social
unit. Over the past 50 years, there has been an evolution of empirical team size distribution,
with cumulative advantage based on productivity (Milojevi , S., 2014). Multidisciplinary
research is becoming more valued by time, putting emphasis on outward collaborations outside
the same research group, beyond the affiliated organization, and internationally (Bennett, L.
M., & Gadlin, H., 2012). Moreover, conducting scientific experimentation and research is very
expensive relative to social disciplines since it requires highly advanced equipment and
updated facilities. Hence, competing on funds is an ongoing battle in the scientific research
field. All those elements play a role in knowledge production and contribution to scholarly
publishing.
Today, publications are influencing researchers’ visibility and career prospects, especially in
the fields of science, technology, engineering, and mathematics (Holman et al., 2018).
Although the gap differs between different fields of study, but men are found to produce more
academic papers than women, dominating scholarly publication in almost every country in the
world (Larivière et al., 2013). Many studies attempted to explain this “productivity puzzle” and
proposed different correlations, including societal expectations and family obligations,
difference in personal traits, structural dispositions, and access to resources conducive to
publishing such as funds and equipment (Beaudry & Larivière, 2016, Duch, Zeng, Sales-Pardo,
Radicchi, & Woodruff, 2012, Larivière, Gingras, Cronin,& Sugimoto, 2013, Lerchenmueller
& Sorenson, 2018, Murray, Lariviére, Siler, & Raymond, 2018)
7

Despite years of initiatives and good intentions, gender inequality is still endemic in science.
It is undeniable that noticeable progress is being made for more women to study scientific
disciplines across different regions around the world. Female share in tertiary education is
evidently expanding (Soete, Schneegans, Eröcal, Angathevar, & Rasiah, 2015). Women are
also actively pursuing master’s degrees and even mostly outnumbering men at that stage
(UNESCO, 2015). However, empirical evidence shows that we cannot expect to reach gender
equality in science to happen as a natural event to those trends. The high proportion of female
in tertiary education is not being translated into better presence in research with existing policy
interventions and programs (UNESCO, 2015). Those promising shares of women start to
abruptly drop at PhD level, and get worse at professional research positions (UNESCO, 2015).
Women are further underrepresented in publications’ first authorships, on editorial boards, as
peer reviewers, and in research councils (Amrein, Langmann, Fahrleitner-Pammer, Pieber, &
Zollner-Schwetz, 2011). Adding to that, even majority of science entrepreneurs tend to be men
(UNESCO, 2015). Barriers facing gender parity are distributed along the scientific research
system. Strategies that could promote career equity for women in science need to address
different nodes at that system, specially at the level of influential institutional mechanisms,
career determinants, and evaluative measures like research productivity and publications.
In the global north, where economies are built on innovation and scientific knowledge, scholars
argue that it took longer than it should to place gender disparity in science on political agenda
(Lühe, 2014a). Even decades of gender policies and programming injection have not produced
the intended effect for the scientific research community. Moreover, data gap on that issue is
impeding effective monitoring of both challenges and progress (UNESCO, 2020). Minority of
countries are publishing data on research pool and to a lesser extent on female researchers.
Accordingly available data cannot paint a complete picture to inform effective policy and
programming. Although, gender gap in science is a global phenomenon, but this should not
mask potential variations at both the national and regional levels. In the Arab states, the leaky
pipeline phenomenon is found as well prevalent (Islam, 2017). Studies show that there is
gender imbalance in favor of women in terms of scientific education attainment, but women
get gradually excluded along the career path. While many studies discuss the influence of social
perceptions and prejudice against women in the region, there isn’t enough analysis on structural
barriers such as influence on and of research productivity.

8

Problem statement
Research productivity is highly valued in the scientific field. It is regarded as a significant
determinant of career advancement, financial support, academic recognition, and prominent
personal position. In that context scholarly publications are considered the principal measure
for research productivity (Lewison, 2001; Tower, Plummer, & Ridgewell, 2007). This is
problematic since the vast majority of empirical studies are drawing a conclusion that women
are publishing less than men and suffering from implications of that on their careers (Lewison,
2001). Globally, men account for around 70% of fractionalized authorships, leaving less than
30% for women (Larivière et al., 2013). Only nine countries around the world showed female
dominance in terms of authorships proportion, and they are mostly countries with lower
scientific outputs (Huyer, 2015; Larivière et al., 2013). With men dominating research
productivity measures, there is a clear gender divide in access to career opportunities and
recognition from scientific communities (Aiston & Jung, 2015).

Research Question
The main research question of the study is “How does gender affect scientific research
productivity in Egypt, as reflected in scholarly publishing?” The study includes five subquestions:
§

Is there a considerable gender-based productivity gap in Egypt’s scientific community?

§

If gender affects productivity measure, what are the likely causes for such a disparity?

§

What can be inferred about the characteristics that female positive deviants/outperformers exhibit?

§

How is the gender divide changing for Egyptian researchers’ productivity over time?

§

What other factors that influence scholarly publishing and productivity?

Research objective
Toward synthesizing effective strategies for gender-balanced productivity, it is vital to estimate
gap size and identify its determinants. The aim of this research is to contribute to gender studies
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for the Arab region in the field of scientific research, focusing the analysis on the Egyptian
landscape. It intends to validate and identify gaps concerning women’s research productivity
to help assess effectiveness of interventions and policies aiming to improve female
participation and representation in scientific research.

II

Context

Countries around the world are engaged in a race against time to reach the 17 United Nations’
sustainable development goals (SDGs) by 2030. With the complexity of development
challenges and time urgency, science and innovation are recognized to have a crucial role
towards achieving the SDGs (Walsh, Murphy, & Horan, 2020). It offers hope for more
inclusive and competitive economies as well as better resilience to unpredictable stressors
(Schot & Steinmueller, 2018). Science, technology, and innovation (STI), both technological
and non-technological, can drive economic growth by boosting productivity, lowering costs,
and improving efficiency (United Nations, 2015). STI also assists in addressing and resolving
societal challenges as well as identifying efficient solutions to environmental issues (Schot &
Steinmueller, 2018). To put it in another way, it contributes to the three pillars of sustainability:
economic, environmental, and social.
Fortunately, knowledge is an abundant and inexhaustible resource, hence it has been taking a
strong share of attention along other economic factors like capital and labor (Rutkauskas,
Račinskaja, & Kvietkauskienė, 2014). The transition to more sustainable knowledge
economies is now deemed essential for nations’ prosperity and competitiveness, making
science, technology, and innovation (STI) a key enabler. Reforms that have been centralized
around innovation and scientific mastery are long identified to be the ingredient of success for
developed countries (Solow, 1998). They drive all new products and technology processes, and
simultaneously push the frontier of knowledge forward. Scholars have found countries with
strong STI policies and strategies are well performing in terms of sustainable competitiveness
and economic growth (Şener & Saridoǧan, 2011). Accordingly, this has globally become on
the top of policy makers’ agendas and became louder for developing countries as well.
Emanating from the SDGs, formulated in 2015, nations around the world have formulated their
national strategies to encourage innovation, and push domestic technology development, under
goal 9.5 (United Nations, 2016).
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In Egypt, article 23 of the Egyptian constitution provides the freedom of scientific research and
fosters its institutions as an enabler of gaining national sovereignty and developing a
knowledge economy (Arab Republic of Egypt, 2014). The constitution also commits to
allocating a percentage of government spending equal to or more than 1% of GDP to scientific
research in order to support researchers and inventors (ibid.). This upholds an affirmation on
the political will to boost scientific research and push it forward in the public policy agenda.
The mission of the current science, technology, and innovation (STI) national strategy is
“Nurturing an enabling environment for science, technology and innovation, capable of
producing and marketing knowledge efficiently and effectively, and creating an atmosphere of
excellent based scientific competition, in order to increase the growth rate of the national
economy, and achieve the type of sustainable development that elevates the society and the
quality of human life.” (Ministry of Higher Education and Scientific Research, 2019, P.8).
Emanating from the national STI strategy, a current focus of policy interventions is to enhance
R&D inputs for Egypt including R&D expenditure and number of researchers, being the two
main globally recognized measurements. While spending is still at half of the constitutional
targets, number of Egyptian researchers are on the rise. In 2018, an 11% jump was documented
for the number of researchers in the Egyptian public sector in just one year (Ministry of Higher
Education and Scientific Research, 2019). This contributes to an overall growth of 3.8%
including higher education and the private sector as well (ibid.). In terms of gender divide,
female researchers account for 40.7% of the total number of researchers in the public sector,
48% of researchers in higher education, and only 10.4% of researchers in the private sector. In
the public sector alone, Egypt has about 25 governmental research institutes, and
approximately 60 universities with a vast majority having a governmental affiliation. In the
Egyptian scene, the public sector, remains the main player in the scientific scene and the main
employer for female researchers (Ministry of Higher Education and Scientific Research, 2019;
UNESCO, 2015).
With significant rise in human capital, national observatories also document an increase in
academic research output, especially research publications. Between 2010 and 2018, number
of international publications increased from 9,479 to 21, 961, with a rate of 16.4% annual
growth. However, quality of that output is still questionable, and it is highly debatable whether
it translates into real market opportunities towards sustainable impact. According to
internationally recognized innovation indices and global reports, Egypt is very behind, ranking
11

95 out of 105 by world intellectual property organization (Dutta et al., 2019). This was
identified as one of the major challenges in the national STI strategy that requires intensive and
urgent action from different players in the scientific research and innovation ecosystem
(Ministry of Higher Education and Scientific Research, 2019).

III

Literature review

The “gender paradox” as an overarching phenomenon
In theory, as educational attainment increases, so should labor force participation. This is
expected not only in the scientific field but in any sector. However, studies on the issue of
gender in the Middle East and North Africa (MENA) region have been shedding lights on a
concerning phenomenon referred to recently as the “MENA gender paradox” (Assaad, Hendy,
Lassassi, & Yassin, 2021). It describes the dichotomy between female education attainment
and their labor force participation in the region (Assaad et al., 2021; ILO, 2017). Female
education rates have risen considerably in the Arab world. According to the World Bank,
countries in the region have made significant progress toward gender parity in education (The
World Bank, 2018). This is usually associated with higher levels of employment. However,
not only is female labor force participation in the MENA the lowest in the world, but it is also
rising at a glacial pace regardless of specialty (Hayo & Caris, 2013; ILO, 2017).
Over the years, the MENA area has demonstrated the lowest female labor force participation
FLFP rates in the developing world (Verme, 2014). Different studies have attempted to explain
such FLFP dynamics, using different methodologies. Verme, (2014) presented his argument
with a relationship between economic growth and female labor force participation rates; a
tradeoff between gender equality and economic growth during country’s development.
Chamlou, Muzi, & Ahmed (2011) used survey data to particularly address concerns of culture
and gender norms. They looked at the factors that influence labor market participation in the
MENA area, with a focus on Jordan's capital, Amman. Assaad et al., (2021) debated that on
the demand side, detrimental changes in the structure of work options are limiting female labor
force participation among educated women in four MENA countries: Algeria, Egypt, Jordan,
and Tunisia, using annual labor force survey data. Fakih & Ghazalian, (2013) also used
manufacturing firm-level data to show that not only supply-side but also demand-side factors
contribute to the low female labor participation rate in the MENA. Research by Chamlou,
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Muzi, & Ahmed, (2016) focused on the situations in Sana'a and Cairo debated that traditional
societal norms, as evaluated by respondents' attitudes regarding working women in the home,
restrict female labor. Moreover, they added to the growing body of data suggesting women
with a post-secondary degree are more likely to enter the workforce. In general, literature on
labor markets has supported the proposition that women face several career challenges as a
result of the responsibilities associated with their gender, even though they are improving their
skills and want to take on new challenges and advance in their careers (Salameh-Ayanian &
Hage, 2017).
It is worth mentioning that young women (aged 15 to 29), in particular, have seen very minor
improvements in their economic independence as a result of attempts to minimize gender
imbalance in the job market (Barsoum, Ramadan, & Mostafa, 2014; The World Bank, 2018).
Men and women's perceptions toward women's roles may be shifting in Egypt and other Middle
East and North Africa (MENA) nations, particularly among young and educated MENA
women. Nonetheless, a 2014 survey of male and female youth found that the majority felt that
when there are limited jobs available, men should be given the priority (Constant, Edochie,
Glick, Martini, & Garber, 2020).
Considerable number of studies have also focused on implicit barriers to women's career
development and retention, beyond participation. Scholars probing labor markets has
reinforced the proposition that one of the most common aspects that explains benefit,
promotion, and organizational achievement disparities is gender (Dakhli, Dinkha, & Matta,
2010). It is argued that women in the Arab world do not only continue to suffer from
discrimination in admittance to employment, but furthermore challenges in advancing to
management positions and in salary distribution (Vishwanath, 2012). For more than three
decades, scholars have presented a multitude of structural and cultural barriers within
organizations that contributes to the underrepresentation of women at the senior positions
(Tlaiss & Kauser, 2010).
Allui & Kamaludin (2017) suggested that career advancement of Saudi women graduates are
highly influences by gender, family, and work-cantered factors. They further added that also
political systems pose significant impacts on opportunities available for women, which applies
to leadership senior levels as well. Tlaiss & Kauser (2010) revealed perception of studied
female managers in Lebanon on their career progression to be influences by organizational
13

practices, culture, and networks. In examining Jordanian’s women advancement to higher
political and leadership positions, (Al Maaitah, Oweis, Olimat, Ikhlas, & Al-Maaitah, 2012)
argued that women face major impediments across a wide range. Be it political, personal,
socio-cultural, or economic obstacles, discrimination against women is a cross cutting theme.
In Egypt the case is not very different. Although number of governmental initiatives and new
legislations have been put in place to support women development, those efforts are not paying
off and that in practice they are not effectively applied (Khedr, 2017). Moreover, stereotypical
behaviors and perception on towards women’s roles and participation in society have also been
negatively influential on women career advancement (Mostafa, 2003).
Even if studies are showing that the number of educated women entering the labor market has
significantly grown, the barrier between middle and top management positions known as the
"glass ceiling" remains nearly as insurmountable as it was 20 years ago (Salameh-Ayanian &
Hage, 2017). There is a widely proposed argument that the current social, cultural, and political
structures have an impact on women's possibilities. The fact that women encounter more
challenges in the job than males has more to do with cultural and social traditions than with
women's qualities and skills (Jayashree, Lindsay, & Mccarthy, 2020; Spector et al., 2005).
Salameh-Ayanian & Hage, (2017) even argues that entrepreneurship appears to be a
workaround that solves work–life balance and self-fulfillment in the absence of a system that
promote women dual position in the society. Barosum, (2017), further urges another important
discussion of women’s employment as a matter of policy action beyond just culture. Her study
emphasizes the role of working conditions, compromised support, social policies, and social
security in women’s decision to opt out of labor.
At the end, gender paradox challenges any assumptions that female education can solely
equalize gender power dynamics. Such dichotomy between education attainment and FLFP is
being witnessed across different sectors specially in developing countries. In science, the status
quo doesn’t draw a differently optimistic situation. Women scientists are facing a deteriorating
education-career pipeline that turned to be a global wide manifestation.

A leaky pipeline for women in scientific research
In scientific careers, women’s under-representation in the workforce is a persistent and wellknown issue, especially in senior positions (Leemann, Boes, & Da Rin, 2009; Liani,
14

Nyamongo, Pulford, & Tolhurst, 2021; Macaluso, Larivière, Sugimoto, & Sugimoto, 2016).
Examining the domain of academia, although women achieving in higher education is
significantly increasing, the number of women in advanced positions is still low, and it
becomes more obvious at the top of the academic career ladder (Kahlert, 2014). This situation
is even much more exacerbated in natural sciences and engineering fields than in social
sciences (Kahlert, 2014). In Science, Engineering and Technology (SET) there is still clear
gender segregation both horizontally and vertically (Haas, Koeszegi, & Zedlacher, 2016).
Scholars investigating gender issues in SET have documented a disproportional loss and
dropout rates of qualified women along the career pathway of research and academia, which is
metaphorically well-known as ‘The Leaky Pipeline’ (Leemann et al., 2009). The scientific
research ladder witnesses a drop in female participation in each step, until very few women are
left at the highest echelons of decision-making (Soete et al., 2015). Recent studies reveal that
academic excellence indices affecting women’s academic career are various: starting from
employment, pay grade and tenure, to authorship, peer-review opportunities, and research
grants attainment (Clauset, Arbesman, & Larremore, 2015; R. Lee & Ellemers, 2015; Lerback
& Hanson, 2017; Macaluso et al., 2016; Travis, Gross, & Johnson, 2009). Unfortunately, those
indices do not only testify a discriminative reality against female researchers, but they also
depend on each other, gradually constructing the fate of academic career and collectively
contributing to gender gap in scientific research (Sato, Gygax, Randall, & Schmid Mast, 2020).
Contrary to the norm of modern societies, this phenomenon was empirically revealed globally
and wasn’t exclusive to the developing and emerging economies (European commission,
2008). In Germany for example, universities and research organizations are argued to be
contributing to the production and reproduction of gender inequalities (Kahlert, 2014). Only
25% of postdoctoral qualifications are earned by women, versus 45% share of doctoral degrees,
which indicates an increasing gender gap through academic career progression (Kahlert, 2014).
An empirical study of professorial appointments in the Netherlands, argued that academic
excellence was found to be gendered (Brink & Benschop, 2011). It elaborated that a gender
disadvantage against women appeared through evaluation of professorial candidates. In the
United Kingdom universities, disproportionate number of men are found at professorial level
and gender gap widens significantly with science subjects, where number of female academics
in professorial roles stand at 12% (Howe-Walsh & Turnbull, 2016). While existing literature
on gender and science careers is more concentrated in the global north, yet a slowly but
growing literature is also attempting to shed lights on this anomaly for developing nations as
15

well. In Pakistan, scholars argue that the country’s cultural system broadly generates leadership
standards that limit women's participation in top leadership roles in higher education (Bhatti &
Ali, 2020). In Tunisia, women are actually found to outnumber men among PhDs in some
science fields, yet their academic careers are still inhibited by traditional male dominated power
structure and gender based values (Jaziri, 2019). Recent investigation on the situation of 13
Sub-Saharan African (SSA) countries, revealed a dichotomy between career progression
requirements and social power relation of gender, which drives SSA female academics towards
a conscious tradeoff on the expenses of their scientific careers (Liani et al., 2021).
Scholars have used different arguments to explain gender gap in scientific career. One
prevalent proposition is the role of gender as a primary code of interactions (Lühe, 2014b).
That refers to gender stereotyping, gender status beliefs, and the correlation between the image
of the perfect scientist and the masculine gender stereotype (ibid). Ridgeway, (1997) argued
that in the workplace, sex serves as an unseen hand that stabilizes and reproduces inequalities
by forming a background identity throughout interaction. In scientific academia this is
particularly influential. Prevalent professional norms propose that objectivity, analytical
competence, rationality, and other valued skills have been exposed as a masculine idealization
(Haas et al., 2016). According to Leeb, (2004), tasks are divided into two groups in the
academic world: there is student teaching and mentoring, and there are more perceived
prestigious jobs such as writing and research. The former is mostly associated with "feminine"
personality traits, while the latter usually is connected with the mind and thus with ‘male'
character qualities. Male scientists are accordingly engaging more in academically valued
responsibilities, which will help them advance in their careers (Ridgeway, 1997). This implies
that women in science face not only role conflicts, but also a high level of uncertainty regarding
their job prospects, as academic achievements are slanted in favor of "masculine"
characteristics.
Another commonly shared explanation is defined by inherit gender norms. Women are more
overloaded with both family and professional obligations and they often experience conflict in
balancing scientific work and familial responsibilities (Wang, Ma, & Guo, 2020). They are
hence left with less time to invest in research, publications, and other academic career
qualifications, which accumulate over time creating natural career disadvantages for female
scientists considering the existing policies (Lühe, 2014b). Even in scholarly couples, statistics
demonstrate that women are mostly responsible for the children and housekeeping (ibid).
16

Moreover, international experience and mobility have become increasingly essential in recent
years across all scientific fields, and are seen as symbols of achievement (Jonkers & CruzCastro, 2013; Lühe, 2014b). As a result, going abroad at some time during a scientist's career
has become increasingly important (Jonkers & Cruz-Castro, 2013). This organizational
emblem, on the other hand, is founded on the concept of the "disembodied worker," who has
no other pressing duties beyond work, which does not nearly apply (Lühe, 2014b). Adding to
that, more than three decades ago, Rosabeth Moss Kanter (1977), introduced the theory of
tokenism, which argues that women’s organizational experiences need to be explained by their
status as a minority group. This impose a pressuring kind of visibility that is associated with
questioning and scrutiny (ibid). It also makes women in a token position treated not as
individual but a representation of a minority group and easily stereotyped. That also contributes
to polarization and underrepresentation of women in networks as a result of the token position
(ibid). This is proven to be very challenging for female scientists, since social capital of
informal networks and sponsors have demonstrated a decisive role for careers advancement in
science (Brink & Benschop, 2011). Furthermore, scholars presented another significance for
tokenization in this context, as female professors expressed an urge to work harder than their
male counterparts so as to get the same amount of recognition, which is essential in scientific
communities (Haas et al., 2016).
Between professional norms, familial obligations, limited mobility, among others, scientific
productivity was a common theme. It adds to the complexity of the career advancement
labyrinth in the scientific field characterized by another gender puzzle disfavoring women.

Productivity puzzle as a manifestation of gender gap in scientific careers
In attempt to unpack the gender gap in scientific careers, a considerable body of research has
investigated women scholarly publications as a measurable output versus men (Beaudry &
Larivière, 2016; Duch et al., 2012; Larivière et al., 2013; Lerchenmueller & Sorenson, 2018;
Lewison, 2001; Murray et al., 2018; Tower et al., 2007; Urry, 2015; van Arensbergen, van der
Weijden, & van den Besselaar, 2012; ZhangFengqing, YanErjia, NiuXin, & ZhuYongjun,
2018). For decades, evidence showed that women publish fewer papers that men, their
publications land less prestigious journals, and they less often receive first authorships on coauthored articles (Beaudry & Larivière, 2016; C, MJ, & O, 2018; Filardo et al., 2016; Larivière
et al., 2013; Long, 1992). Hence, “productivity paradox”, has become another gender metaphor
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underpinning a concerning dynamics for female scientists around the world with less scholarly
productivity than men. Explaining this paradox has developed into a puzzle for scholars
interested in this issue and have called upon further investigation across disciplines and
countries (Lerchenmueller & Sorenson, 2018).
With the expanding base of research in this area, diverse set of arguments have emerged. While
the majority of studies support gender disparity in publication, some showed different findings.
For instance, Prpić, (2002) argued that as the number of women in science increases, the gap
in productivity starts closing. On the contrary, Larivière et al., (2013) argues that despite
initiatives and good intentions, disparity still persists. One explanation to this evidence
dichotomy can be the argument that productivity gap differs between fields and subfields
(Larivière et al., 2013). For instance, In health sciences, female are found to publish 0.25
articles on average less than men, which goes up to 0.9 in physics (Beaudry & Larivière, 2016).
Stack, (2004) also argued that in social sciences gender becomes no longer associated with
productivity, and there is no significant difference between level of publications of women and
men. Duch et al., (2012) further showed that women seem to publish significantly less in more
expensive disciplines, such as high energy physics. He based his explanation on failure of
policies and procedures relating to funding allocations.
Because of the progressively expensive nature of research, especially in life sciences,
academics need to secure funds and grants to boost their productivity and secure higher chances
for long-term academic positions (Lerchenmueller & Sorenson, 2018). Evidence on gender
discrimination in grants funding has been in disfavor of female scientists, both in number of
applicants and the final granting (JR, H, RM, WT, & VW, 2011; van Arensbergen et al., 2012).
Lariviere, et al, (2011b) showed that in Canada for example, women are found to raise less
funds than men and those funding are less diversified. The authors suggested as well that this
can be the core reason, why women have a smaller share of global scientific production, but
currently available empirical data can only reveal correlation but not causality (ibid). In the
United states, many studies on the National Institute of Health (NI), the largest public funder
of biomedical research in the world, revealed that less women are awarded with NIH funds (JR
et al., 2011; ZhangFengqing et al., 2018). They elaborate that research output increases in
projects with higher proportions of male primary investigators.
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Adding to the exacerbated productivity paradox, studies showed that there is a cumulative
advantage effect of increasing publication output on citation rates; an article-level metric used
to assess the influence of scientific research (Beaudry & Larivière, 2016). This relationship is
known as “the Matilda effect of citation” (ibid). Since it is becoming an established fact that
women publish fewer publications than men, they benefit less from this effect as they are
visible in the publication world with the same magnitude as their male counterparts (Holman
et al., 2018). Hence, in addition to research output, citation indicators have been increasingly
used to assess research productivity qualitatively, which by nature extended to relevant gender
studies (Smith, Weinberger, Bruna, & Allesina, 2014). Some studies actually found no pattern
between gender and citation (Ashkan Ebadi, 2016). In fact, some scholars argued that what
female scientists lack in quantitative output, they make up for in terms of citation (Larivière et
al., 2013). However, no consensus was constructed for this argument. On the contrary, the
global and cross-disciplinary bibliometric study by Larivière et al., (2013) argues that in most
research productive countries, articles dominated by women authorship have displayed fewer
citation than men.
Number of scholars are found to support the proposition that citation disadvantage is
augmented by women collaborating mostly on local level publications (Larivière et al., 2013).
One large-scale study based on bibliometric, biographical and administrative data, uncovers
that male scientists dominate in international collaboration at all levels. Such gender disparities
in international collaboration was found to be highly linked with age, being the lowest and the
least significant for young scientists than older ones (Kwiek & Roszka, 2020). Providing that
citations play a central role in scholarly evaluation, this situation can only widen the gender
gap if wasn’t opposed by effective policies and actions (Ashkan Ebadi, 2016). Other studies
implied that citation gap is likely to shrink with improved visibility of women led publications,
not only through higher output but also by publishing in more prestigious journals (Holman et
al., 2018). It was empirically estimated that men are invited by journals at approximately
double the rate of women to submit papers, consistent with claimed gender bias by editors
(ibid). Moreover, when minority of prestigious journals opposed the trend of fewer women
authors, they actually presented worse ratios than expected in favor of men (ibid). But
interestingly, one multidisciplinary study examined the six top journals in the world for
productivity paradox and found no difference between both genders, when percentage of
women participation in the work force was factored in, questioning whether there is any
underproductivity from women in the research arena (Tower et al., 2007).
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Overall, for the majority of scholars, this productivity paradox is still mystifying. It could be a
byproduct of compromised self-efficacy beliefs, as some studies claim, where men are
described to have greater confidence in undertaking rewarding academic tasks and selfpromotion (Tower et al., 2007). It also can be tied to structural positions and facilitating
resources that men are found to have better access to and are conducive to scholarly
publications (Beaudry & Larivière, 2016). These differences might perhaps stem from time
limitations that women face, either because of family disproportionate share of responsibilities
or because they spend more time on non-research tasks (Lerchenmueller & Sorenson, 2018).
Many other explanations proposed by different scholars based on emerged evidence, like
insufficient mentoring, lack of specialization, or conscious biases. Regardless of the root
causes, it is at least evident that this is causing differential rates of hiring, promotion, and grant
funding disfavoring women (Lerchenmueller & Sorenson, 2018). This doesn’t only flag strong
inequality alarms but as well reveal a significantly unexploited intellectual capital.

IV

Conceptual framework

Through literature review, it was clear that there is strong interest from global researchers in
analyzing the relationship between gender and research productivity in terms of scholarly
publications. The theoretical framework for this study is built on relevant findings documented
in gender literature related to the field of scientific research, especially those focusing on
productivity. We hereby describe eight hypotheses, which inform the variables accounted for
in the current research analysis, as illustrated in Figure 1.
Hypothesis 1: H1

Men publish more than women

Quantitatively, there is almost a consensus backed by empirical evidence that gender has a
noticeable effect on the number of scholarly publications, disfavoring women (Beaudry &
Larivière, 2016; Larivière et al., 2013). Although quantification of this gap differs with
discipline, country, time, and other factors, yet the general conclusion remains the same;
women are found to publish less number of academic papers under the same time frame (Acker,
1977; Bernardi et al., 2020; Bird, 2011; Bonham & Stefan, 2017; Hesli & Lee, 2011).
Hypothesis 2: H2

Men are cited more than women

This is considered a quantitative attribute that expresses quality of the publication. Evidence
suggests that gender has also an influence on papers citation. Many studies concluded that men
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are cited more than women and that it is a global pattern (Aksnes, Rorstad, Piro, & Sivertsen,
2011; King, Bergstrom, Correll, Jacquet, & West, 2017; Larivière et al., 2013; Lerchenmueller
& Sorenson, 2018) . With men publishing more than women, it is argued that this directly
affect citation index: the more one gender publishes than the other, the more cited they would
generally be, a natural implication referred to as the Matilda effect of citation (Beaudry &
Larivière, 2016; Knobloch-Westerwick & Glynn, 2013). Yet, fewer number of papers
challenge this finding and argue that even with a smaller number of publications, women score
equal and sometimes higher citation index than men (Bordons, Morillo, Fernández, & Gómez,
2003; Gonzalez-Brambila & Veloso, 2007; Hildrun et al., 2012).
Hypothesis 3: H3

Women contribute to publications targeting high-quality journals

H3a: Journals ranking offers a cumulative advantage
Journals with better ranking are more prestigious and attractive for researchers to publish in
and cite from. A specific Matthew effect is argued to be attached to journals to describe the
cumulative advantage of publishing in high ranking journal, posing a strong positive influence
on citation rates (Lariviere & Gingras, 2009). This implies an added value for publishing in
prestigious journal over and above the intrinsic quality of the publication (ibid.). Accordingly,
we anticipate a positive relationship between the journal ranking and the number of citations
the publications receive.
H3b: Women publish in higher-quality journals
Adding to the gender puzzle, there is an often-challenged argument that women are more
concerned with quality of publication than quantity (Beaudry & Larivière, 2016). Accordingly,
relevant literature suggests that women tend to publish in higher-quality journals and even
more likely to co-author publications targeting highly ranked journals (Housri, Cheung,
Koniaris, & Zimmers, 2008; MCDOWELL, SINGELL, & STATER, 2006). This suggests a
positive moderating effect of gender on the relationship between journal ranking and citation,
at the author level.
Hypothesis 4: H4

Influence of collaboration

H4a: Collaboration boosts citations
In today’s scientific community, notoriety of multi-disciplinary and multi-stakeholder research
offers a greater recognition and visibility to scientists. It contributes to receiving more citations
and higher chances of being accepted in highly ranked journals (S. Lee & Bozeman, 2016).
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Moreover, international collaborations are found to be positively related to quality of
knowledge production and hence productivity rewards (Chinchilla-Rodríguez et al., 2018).
H4b: Men tend to have more co-authors than women
As a concept, network and collaboration bring in strong value regardless of researcher’s
gender. However, in reality men are found to capture collaboration opportunities more than
women, due to difference in attitude, mobility, different collaboration strategies, among others
(Bozeman & Corley, 2004; Bozeman & Gaughan, 2011; Long, 1990). This is manifested in a
negative moderating effect on the relationship between impact of output and collaboration.
Hypothesis 5: H5

Geographical biases in journals acceptance disfavor developing

countries
Evidence on impact of scholars’ affiliation country on the propensity of their papers to be
published, has been presented in literature (Baruch, 2016; Mammides et al., 2016; Skopec, Issa,
Reed, & Harris, 2020). The geographical origin of the primary investigator seems to have an
effect on journal placement and also on citation (Smith et al., 2014). One study showed that
publications by authors from the United kingdom, United states, and Canada seem to have
much better chances to get accepted in good quality journals more than other countries, such
as India and China (Tregenza, 2002). Another study confirmed that authors from high income
countries were found to be twice as likely as those from low income countries to get their
manuscripts accepted and published (Mammides et al., 2016). While this bias affects both
genders from low income countries, female might be vulnerable to this influence due to lower
chances of mobility and international collaborations as explained in H4.
Hypothesis 6: H6

Men receive more funding

Access to fund can boost scientific impact, leading to higher research productivity and impact
(Mirnezami, Beaudry, & Larivière, 2016). Unfortunately, gender was found to affect ability to
raise funding, favoring men. Previous studies argue that male principal investigators have
higher application and awarding rates for research funding than their female counterparts
(Larivière, Vignola-Gagné, Villeneuve, Gélinas, & Gingras, 2011a; MG, JR, MK, FB, & R,
2013; Stack, 2004).
Hypothesis 7: H7

Value of open access journal

H7a: Papers published in open accessed journals receive more citation
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There is evidence documented in literature that accessible papers, i.e. available for free
as open access on the web, receive more citation than closed access papers published in the
same journals (Clements, 2017; Gargouri et al., 2010)
H7b: More women publish in open access journals
Relating to the gender gap, open access journals are argued to have more women authors than
non-open access journals. (Holman et al., 2018).

Figure 1: Research Design and Hypotheses

Source: Constructed by the author.
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V

Methodology

Data
This study mobilizes bibliographic cross-sectional data that is compiled, processed, and
harmonized by the author. Raw data is downloaded from Elsevier’s Scopus database, the
largest abstract and citation database of peer-reviewed literature. Data selection was based on
a pre-set criterion established from our research question/s and theoretical framework:
1- As the focus of this study is on Egypt, papers selected must had at least one of the
authors affiliated by an Egyptian institution.
2- Data retrieved for two different years: 2019 and 2014. 2019 was selected so that recent
data is being utilized yet allowing for lead time to be exposed to citation. Leaving five
years in between 2014 is also studied which will help analyze the change in gender gap
over time in terms of productivity but also how time can or cannot be in favor of women
to reach maximal scientific impact.
3- Across different disciplines, some fields have higher publication rates and hence more
exposure. Accordingly, variation in discipline can affect citation records and journal
rank score. For that reason, only papers in Nanotechnology studying areas were used.
Nanotechnology is a multidisciplinary field covering papers from across the disciplines
of natural science, engineering, and life sciences. In this context, authors tend to crosscite publications under the field regardless of the original author’s discipline of study.
This is used as an approach to randomize the sample without the need to normalize
citations and impact factor for different fields.
4- Other general filters were used for data sorting and coherence: publication type to only
articles, all in English language, and publication stage ‘final’.

The retrieved citation records included the following raw observations per publications:
1- Names of authors, starting with last name following by first and middle name
abbreviations.
2- Citation record
3- Title of the publication
4- Name of the journal in which the paper is published
5- Affiliation for each author, including institute, city, and country.
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6- Funding acknowledgment.
7- If the publication is open access or not
With data processing and harmonization, we were able to construct a number of variables to
characterize scientific output and dynamics of their production (stated in methodology section),
to test for the validity of literature-based hypothesis. Processing and harmonization steps are
described in detail in table 1, Annex A, producing a total sample size of 3,315 citation record
for 2019 and 1,552 for 2014.
Finally, we treated the data as a sample pool from which we also extracted two sub-samples
exhibiting certain common features to expand on our analysis and findings. As shown in Figure
2, the main sample pool includes all publications having at least one author affiliated to an
Egyptian institution (TT). The first sub-sample has all the first authors affiliated to an Egyptian
institution (FA). The second sub-sample has all the authors affiliated to an Egyptian affiliation
(EE). For a specific part in the analysis, we used the same categories but only for female
observations, named (FT), (FF), and (FE) for main sample, first sub-sample, and second subsample respectively.
Figure 2: Sample Description

Source: Constructed by the author.
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Model
A large portion of the literature on gender gap in science tends to be bibliometric in nature.
Building on that literature, this study lies at the confluent of bibliometrics and econometrics,
using classic bibliometric indicators as dependent and explanatory variables in econometric
models.
According to our research questions, the study is interested in analyzing gender gap in
quantitative productivity, scientific impact of research output, and also taking a snapshot on
potential positive deviants from the sample’s female pool. Accordingly, our methodology was
informed by the three following steps:
1- Examining different bibliometric indicators by gender.
We used StataMP to produce Descriptive statistics for our main sample TT, and the two
subsamples FA and EE. This allowed us to examine the central tendency and variability of our
sample across different variables for both genders separately. We also employed t-test to
measure the magnitude and significance of mean difference between the two groups (male and
female publications). We used cross sectional data from two different years (2014 and 2019)
to observe the evolution of different attributes over time.
2- Understanding the co-relation between scientific impact and gender as well as
other influencing variables.
The empirical findings for this section were informed by two different Ordinary Least Square
regression models: one where our dependent variable of interest is publication’s citation rates,
and the other with journal ranking in which the publication was placed is the dependent variable
(both indicating impact). For Each model regression was done for observation of year 2019
and year 2014 separately for the sake of comparativeness. Within each year, the analysis was
run for each of the sample and subsample, with minor difference in the independent variables
included in the model. The independent variables common in all of them were gender (dgen),
h-index (hindex), number of co-authors (coauth), number of collaborating organizations
outside first authors affiliation (collab), whether funding was received for that publication
(fund), and open access status of the journal (Oaccs). Adding to that, Journal ranking for the
first regression model (sjr), where the dependent variable is citation rate (nCit). For the main
sample including at least one author affiliated by an Egyptian institution (TT), two variables
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were added: whether the paper include international collaboration or not (intcollab), and
whether the first author is Egypt-affiliated or not (Egauth). For the first subsample, where all
first authors are affiliated by an Egyptian institution (FA), incidence of international
collaboration was added. Finally, for the second subsample, where all authors are affiliated by
an Egyptian institution (EE), incidence of receiving a private fund (privfund) or collaborating
with an author affiliated by a private organization (privauth) were added as two dummy
variables to account for access to assumably better resources.
Reg for TT sample:
Reg1: (TTnCit)= β0(TTdgen)+ β1(TThindex)+ β2 (TTcoauth)+ β3 (TTcollab)+ β4 (TTfund)+
β5 (TTintcollab) + β6 (TTsjr) + β7 (TTOaccs) + β8 (TTEgauth)
Reg2: (TTSJR)= β0(TTdgen)+ β1(TThindex)+ β2 (TTcoauth)+ β3 (TTcollab)+ β4 (TTfund)+
β5 (TTintcollab) + β7 (TTOaccs) + β8 (TTEgauth)
Reg for FA sample
Reg1: (FAnCit)= β0(FAdgen)+ β1(FAhindex)+ β2 (FAcoauth)+ β3 (FAcollab)+ β4 (FAfund)+
β5 (FAintcollab) + β6 (FAsjr) + β7 (FAOaccs)
Reg2: (FASJR)= β0(FAdgen)+ β1(FAhindex)+ β2 (FAcoauth)+ β3 (FAcollab)+ β4 (FAfund)+
β5 (FAintcollab) + β6 (FAOaccs)
Reg for EE sample:
Reg1: (EEnCit)= β0(EEdgen)+ β1(EEhindex)+ β2 (EEcoauth)+ β3 (EEcollab)+ β4 (EEfund)+
β5 (EEprivauth) + β6 (EEsjr) + β7 (EEOaccs) + β8 (EEprivfund)
Reg2: (EESJR)= β0(EEdgen)+ β1(EEhindex)+ β2 (EEcoauth)+ β3 (EEcollab)+ β4 (EEfund)+
β5 (EEprivauth) + β6 (EEOaccs) + β7 (EEprivfund)

3- Probing the characteristics of potential positive deviants
We examined the Skewness of our data using both descriptive statics and visual plotting using
histograms. This is to test for the presence of female researchers’ positive deviants, who are
outperforming in terms of receiving citation or landing better journal than their peers under the
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same resource allocation. We then extract positive deviants’ observations from our raw data
using their citation record. We finally conduct secondary desk research to find characteristics
of those outperformance pursuing inspiring behavior or characteristics.

VI

Descriptive Statistics

We start this section by examining the characteristics of our sample using descriptive statistics.
We have two datasets treated separately, from year 2019 and year 2014 under the discipline of
Nanotechnology. After omitting missing observations, our sample comprises 3,315
publications for year 2019 and 1,552 for year 2014 with at least one of the authors being
affiliated to an Egyptian institution. We refer to the latter as the “TT” sample. Within this
sample, 2,613 publications in 2019 had a first author with an Egyptian affiliation, and similarly
1,214 publications in 2014 (FA subsample). From which, 1,529 and 629 publications had all
the authors affiliated by an Egyptian institution for years 2019 and 2014 respectively (EE
subsample). Those subsamples were also studied for potential unique findings affecting
research impact and productivity of Egyptian women scholars.
Looking at the sample collectively, the number of publications is found to have increased
considerably in the five years span between 2014 and 2019 under the same discipline, implying
an increase in scholarly productivity for Egyptian researchers both as leading and collaborating
authors. When it comes to gender gap in productivity, the bigger portion of the publications in
our sample belongs to Egyptian men researchers for both years, with a staggering gender gap.
As shown in (Table 1), 78.67% of our publications’ sample for 2014 are authored/co-authored
by men, versus only 21.33% by women (H1). In 2019, this gap was found to have decreased
by almost 10%, going up to 30.98% for women led or collaborated publications, and down to
69.02% for men’s. This implies an improvement in the women researchers' representation in
the overall publications in this field of study.
However, there is little value in product intensification if it doesn’t translate into quality output
that answers important research questions and eventually research impact (Harvey, 2020). This
is why there is a rising dispute in the scientific research community about the pressure faced
by scientists in general to produce larger quantity of research on the expense of quality, and for
women specifically on the undervaluation of their scientific output (Ioannidis, 2016). To test
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whether quantity increase is associated with quality improvements, we examined the total
number of citation and average Journal ranking for publications in our sample in both years
2014 and 2019, sorted by gender. We found an even more confounding gender gap in terms of
citation counts in favor of men (H2). This gap was also narrowing in 2019 but in slower rate
than publication count. The percentage of women’s share in total citation has increased by 6%
on average for our main sample and the sub-sample with Egyptian first authors. For publication
with all authors affiliated by an Egyptian institute, that percentage of improvement decreased
to 3.6% in absence of international collaboration. Furthermore, average journal ranking in
which women publications have been placed didn’t improve almost at all for any of the sample
or subsamples (Table 2). It is worth mentioning though that journal ranking for men
publications didn’t show any improvements either over the span of the five year, and
sometimes slightly even decreased.
Table 1: comparing gender divide in total publication and total citation between 2014 and 2019
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Descriptive statistics for the samples and the sub-samples are described in (Table 2 to 4),
including all the variables that we include in our study, sorted by gender, and for both years
2014 and 2019. Comparing the overall characteristics of men and women researchers in our
collective sample in (Table 2), we found that Egyptian men in average receive more citations
for their publications, publish in better journals, and land more funding (H1, H2, H6). Men also
score almost double the h-index of their women counterparts and they are twice as likely to
participate in an international collaboration. Men in general were found to have more tendency
to collaborate with more researchers and with more diverse research organizations. In contrast,
women were observed to be more often first author on their papers. This can be perceived as a
positive finding, but it doesn’t account for positive implications for women researchers, since
they still publish a fewer number of papers. In fact, it can be a by-product of their lower
tendency to collaborate in bigger groups. All these findings are consistent for both years 2014
and 2019, implying no improvement for women bibliometric indicators over time, and they are
very much in line with most of the literature on women in scientific research described earlier
(Aksnes, Rorstad, Piro, & Sivertsen, 2011; Beaudry & Larivière, 2016; Larivière, Ni, Gingras,
Cronin, & Sugimoto, 2013; Mathews & Andersen, 2001; Sá, Cowley, Martinez, Kachynska,
& Sabzalieva, 2020).
Mean comparison tests (t-test) for different variables show that the differences between men
and women are all statistically significant at backing up the validity of the analysis, except for
paper placement in an open access journal. Both men and women researchers showed higher
tendency in 2019 to publish in an open access journal than in 2014, but in average this affinity
increase was much higher for women. Historically, many researchers are used to consider open
access journals as less prestigious as they accept comparatively high proportions of submitted
manuscripts (Holman, Stuart-Fox, & Hauser, 2018). However, recent studies showed that
scholars are increasingly interested in using open access model of publication due to higher
visibility and availability, and that open access doesn’t much affect their publishing decisions
(Niles, Schimanski, McKiernan, & Alperin, 2020). Moreover, many major institutes globally
have been pushing for partial or full open access modality for journals under the notion of
democratizing access to knowledge. Some funding agencies have even started to mandate on
fund recipients to publish their research output in OA journal. This shift in perception can
explain the increase in percentage of papers published in an open access journal from 2014 to
2019. Suggested biases against women in journal placement (Holman et al., 2018) can
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potentially justify why their open access publication trends has much rapidly increased as it
started to be more widely accepted (H7b).
Table 2: Descriptive statistics for TT Dataset (including publications with at least one author affiliated
by an Egyptian institution)
mean

sd

min

max

Summary statistics: TT sample 2014
0 (Men, N=1221)

mean

sd

min

max

1 (Women N=331)

ttest diff
N=1552

TTnCit14

27.495

40.39

0

900

19.656

24.041

0

244

7.840***

TTSJR14

0.906

0.882

0.1

8.268

0.709

0.581

0.101

5.981

0.197***

TThind14

21.372

13.564

1

66

10.021

6.301

1

30

11.35***

7.949

4.213

0

14

5.148

4.068

0

13

2.801***

1.347

1.101

0

7

0.949

0.973

0

6

0.399***

TTFund14

0.259

0.438

0

1

0.148

0.356

0

1

0.111***

TTOaxs14

0.172

0.378

0

1

0.175

0.381

0

1

-0.00324

TTIntcoll14

0.667

0.471

0

1

0.326

0.47

0

1

0.341***

TTCoauth14
TTCollab14

Summary statistics: TT sample 2019
0 (Men, N=2288)

1 (Women N=1027)

N=3315

TTnCit19

13.049

14.476

0

168

8.697

10.728

0

152

4.352***

TTSJR19

0.838

0.809

0.102

12.565

0.723

0.6

0.102

6.131

0.114***

TThind19

14.818

11.044

0

66

7.842

6.624

0

34

6.976***

3.712

3.022

0

92

3.246

2.017

0

13

0.466***

1.628

1.365

0

18

1.145

1.181

0

11

0.483***

TTFund19

0.488

0.5

0

1

0.347

0.476

0

1

TTOaxs19

0.279

0.449

0

1

0.339

0.474

0

1

TTIntcoll19

0.616

0.487

0

1

0.367

0.482

0

1

0.141***
0.0596***
0.249***

TTCoauth19
TTCollab19

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

For our first subsample, we exclude the publications where the Egyptian researcher is not the
first author. This is an attempt to exclude any potential impact of international first authorship
on papers bibliometric indicators and any assumptions that first authors have different
academic profiles than co-authors. We also captured descriptive statistics and t-test for them
as shown in (Table 3). Similarly, to the main sample, citation rates, journal ranking,
international collaboration, and authors’ h-index experienced a gender gap disfavoring women
with a significant mean difference both in 2014 and 2019. However, this gap has, to some
extend, decreased for gender towards 2019. In contrast, the gender gap in receiving funding for
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Egyptian first authors have actually increased between 2014 and 2019 and this increase is
statistically significant, which means that there were no remedial strategies implemented to
increase women share in funding or there were not effective ones. The mean difference for
open access journal placement was only significant in 2019 following the same pattern
interpreted within the main sample. To construct FA subsample, all publications having
researchers with Egyptian affiliations participating only as coauthors were excluded. Since
women are more likely to be first authors, most of those excluded records belonged to men.
There has been an improvement in women’s collaboration with bigger research groups in 2019
compared to 2014, but not for the number of organizations to which the co-authors are
affiliated. As observed for this subsample, standard deviations have decreased. Yet, the
difference became more significant at least to most important bibliometric indicators.
Table 3: Descriptive statistics for FA Dataset (including publications with first authors affiliated by an
Egyptian institution)
mean

sd

min

max

mean

sd

min

max

ttest diff

Summary statistics: FA subsample 2014
0 (Men, N=916)

1 (Women N=298)

N=1214

FAnCit14

24.507

28.848

0

352

19.893

24.303

0

244

4.614*

FASJR14

0.799

0.673

0.101

7.747

0.689

0.555

0.101

5.981

0.110*

FAhind14

19.788

12.714

1

66

10.087

6.414

1

30

9.701***

6.928

4.371

0

14

4.53

3.8

0

13

2.398***

1.126

1.011

0

7

0.826

0.835

0

3

0.300***

FAFund14

0.179

0.384

0

1

0.131

0.338

0

1

0.0482

FAOaxs14

0.16

0.367

0

1

0.168

0.374

0

1

-0.0073

FAintcoll14

0.557

0.497

0

1

0.252

0.435

0

1

0.305***

FACoauth14
FACollab14

Summary statistics: FA subsample 2019
0 (Men, N=1710)

1 (Women N=903)

N=2613

FAnCit19

12.396

13.805

0

168

8.382

9.977

0

152

4.014***

FASJR19

0.761

0.656

0.102

6.131

0.696

0.547

0.102

6.131

0.0650*

FAhind19

13.289

10.025

0

57

7.454

6.301

0

32

5.835***

3.123

1.932

0

17

3.034

1.81

0

11

0.0891

1.364

1.192

0

8

0.979

1.019

0

5

0.385***

FAFund19

0.393

0.489

0

1

0.3

0.459

0

1

FAOaxs19

0.258

0.438

0

1

0.322

0.468

0

1

FAintcoll19

0.486

0.5

0

1

0.28

0.449

0

1

0.0929***
0.0638***
0.206***

FAcoauth19
FACollab19

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
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In the second subsample, we study publications having all authors affiliated to Egyptian
institutions. This could presumably exhibit different behavior than those accompanied by
international collaborations and can also be used to reach more targeted remedial strategies. As
shown in (Table 4), citation rates are still consistently higher for Egyptian men researchers
compared to their women counterparts. However, the mean difference for that variable by
gender has decreased from 5.3 in 2014 to 3.3 in 2019 and is significant at 1% in 2014 and at
10% in 2019. This behavior was also observed for authors’ h-index, where the mean was
significantly higher than men. This gap decreased from 7.15 to 4.6 between 2014 and 2019
respectively. Average journal ranking was slightly higher for men in 2014 but its mean
difference against women was still found significant. That difference however decreased even
more in 2019 and became statistically insignificant. But as we looked closer to the absolute
mean values, we found that this gap narrowing was not due to improvement in women journal
placement ranking but rather worsening for men.
Publishing in open access journal followed the pattern as well observed in the main sample
with increasing tendency to publish in open access journal between years 2014 and 2019 for
both men and women, yet that increase moved faster for women leading to a significant
difference in mean by gender in 2019. Perhaps the most notable unique observation for this
subsample is about funding and collaboration. In 2014, mean difference for funding was
significant by gender but in the favor of women. In 2019 the mean difference was not
significant, meaning women was either more or as likely as men to receive funding in this
subgroup. Since this pattern is different from other subsamples, it can be attributed to the
funding dynamics in the Egyptian scientific communities and research institutes. In general,
scientific research in Egypt is considered underfunded, lagging behind in reaching national
spending targets and missing the contribution of the private sector, where funding is still
majorly coming from scarce public resources, the sector where women researchers in Egypt
mostly resides. In our EE subsample, only 5% of the publication records report receiving
funding for year 2014 versus 23.5% for TT sample. In 2019 this percentage became 21% for
EE subsample versus 44% for TT sample. It is observed that this increase in funding
availability benefited men researchers more as their likelihood to receive more funding
changed from less than women to almost equal. Perhaps women in the Egyptian scientific fields
are not facing biases in the current immature funding scene yet remains the question how this
pattern will change as funding in Egypt becomes more competitive.
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The other noteworthy observation for EE subsample is collaboration behavior.While men
dominated international collaboration in both TT and FA datasets, women are found to
collaborate with slightly higher number of coauthors when they all belong to Egyptian local
institutes, a finding associated with both years but only significant in 2014. Mean difference is
not statistically significant by gender for number of collaborating organizations for year 2014
yet significant in favor of men in 2019. This means that women might be collaborating with
more authors, but they are more likely to belong to the same institutions to which they are
affiliated, while men are more selective and outward in their collaboration behavior. This
selective behavior of men was not observed in the other sample or subsample presumably due
to the value international collaboration brings into the publication scienometrics.
Table 4: Descriptive statistics for EE Dataset (including publications with all authors affiliated by an
Egyptian institution)
mean

sd

min

max

mean

sd

min

max

ttest diff

Summary statistics: EE subsample 2014
0 (Men, N=406)

1 (Women N=223)

N=629

EEnCit14

24.682

28.224

0

226

19.381

24.419

0

244

5.301*

EESJR14

0.719

0.479

0.101

2.235

0.638

0.419

0.101

2.364

0.0808*

EEhind14

16.926

11.193

1

55

9.771

6.257

1

30

7.155***

EECoauth14

2.209

1.378

0

7

2.466

1.407

0

8

-0.257*

EECollab14

0.581

0.701

0

3

0.596

0.677

0

3

-0.0151

EEFund14

0.039

0.195

0

1

0.081

0.273

0

1

-0.0413*

EEOaxs14

0.14

0.348

0

1

0.152

0.36

0

1

-0.0121

EEprivauth14

0.116

0.32

0

1

0.121

0.327

0

1

-0.00531

EEprivfund14

0.022

0.147

0

1

0.013

0.115

0

1

0.00871

Summary statistics: EE subsample 2019
0 (Men, N=879)

1 (Women N=650)

N=1529

EEnCit19

10.706

12.613

0

77

7.377

7.897

0

60

3.330***

EESJR19

0.631

0.459

0.102

4.217

0.625

0.39

0.102

2.68

0.00525

EEhind19

12.075

9.738

0

54

7.472

6.52

0

32

4.603***

EECoauth19

2.671

1.444

0

10

2.674

1.52

0

9

-0.00263

EECollab19

0.783

0.894

0

4

0.663

0.819

0

4

0.120**

EEFund19

0.214

0.41

0

1

0.209

0.407

0

1

0.00465

EEOaxs19

0.238

0.426

0

1

0.288

0.453

0

1

-0.0499*

EEprivauth19

0.176

0.381

0

1

0.178

0.383

0

1

-0.00212

EEprivfund19

0.04

0.196

0

1

0.031

0.173

0

1

0.00905

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
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To further examine trends associated with Egyptian women scientists in terms of their research
dynamics, in presence or absence of international exposure and position in authorship. We
examine this shifting structure by looking into women only observations for our sample and
subsamples and compared them to each other and over the two years under study for some of
the important variables. We started by mean citations received by women authors as shown in
(Figure 3). Relative highest score was observed with the main sample FT for 2019, meaning
when international collaboration and co-authorship position included. This leading position
shifted to the FF subsample for 2014, where all first authors are Egyptian women researchers,
and clearly increased in magnitude. As citation score captured in our sample is to date, this can
suggest that papers led by women takes more time to gain visibility and trust. For Scimago
journal ranking (SJR) it is observed that women chances to publish in better journal decrease
as they take a leading position on the publication authorship and takes another dive as we
remove internal collaboration. This behavior is consistent for both years 2014 and 2019. This
gives a more short-term indication about potential gender bias as journal placement is a timely
decision and scored captured in our data are ranking at the publication time.
Although mean h-index for men researchers in our data were found significantly different from
women counterpart, it seems that their decision to participate in international publication or
position on authorship list doesn’t much associate with authors h-index, i.e. authors scientific
impact. On the other hand, mean h-index seems to slightly have decreased for papers published
in 2019, which can simply suggest that the field became more widespread attracting potentially
early career professionals. The chances of women researchers to receive funds was found
logically higher for samples including international collaboration. This gap slightly decreased
in 2019 as availability of funds slightly increased. With mobility challenges that women
scientists are thought to face, availability of sufficient resources becomes crucial to try to
compete with global scientific communities in terms of scientific impact.
Going back to gender disparity relative to men counterparts, none of the aforementioned
criteria still can uniquely explain why women scientists do so poorly in comparison. As a result,
regression analysis must be used to take all of these characteristics into account in order to
determine the aspects that are most relevant in enhancing one's citation rate, as well as to
understand how gender moderates these associations.
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Figure 3: Comparing mean citation, SJR, h-index, and fund between year 2014 and 2019 across all
samples and subsamples for women only observations

Source: Constructed by the author.

VII

Empirical Findings

In this section we study the relationship between scientific impact of Egyptian scholar
publications and various factors, including gender as our main variable of interest. To proxy
for scientific impact, we used two dependent variables: number of citations that the publication
received and the ranking of the journal in which the paper is published. In the context of this
paper we use Scimago journal ranking, which is a measure of the scientific influence of
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academic journals calculated from both the number of citations received by a journal and the
position of the journals where the citations come from. Using separate regressions, we attempt
to analyze the character and the strength of those relationship, reference to the hypothesis
described earlier in our theoretical framework. Regression was done for both year 2019 and
year 2014 to also examine how this relationship differed with time. We analyze regression
results for publications’ citation rates and for journal ranking in our main sample (TT: having
at least one author affiliated to an Egyptian institution), and the two subsamples (1- FA: having
the first author affiliated to an Egyptian institution, 2- EE: having all authors affiliated to an
Egyptian institution).
First, we start by our main independent variable of interest: gender, to test for a co-relation
with scientific impact if any, while controlling for other influencing variables. Results show
that, for papers published in 2014, gender was not significantly affecting impact in terms of
landing citation, neither in the main dataset, nor in the two subsamples. Yet, in 2019, gender
became negatively significant (H2). Papers with an Egyptian woman among the authors list
are found to have lower citation rates than those published by their men counterpart, implying
a co-relation between gender and citation rates. In fact, 2019 subsample examining only
Egyptian first authors, gender is negatively significant at 5% versus 10% with the main dataset.
This suggests that papers led by Egyptian women are even less likely to receive citation than
those where women playing a co-authorship role. Inconsistency of gender significance across
the two years can however have more than one interpretation. It can be that as the
nanotechnology field becomes more wide spread, academic communities had more room to be
selective in citing and a co-relation with gender emerged undervaluing women contribution
(Budrikis, 2020). Or another explanation for these results would be that women led
publications just need more time to be visible and receive citation, to draw near men led ones
(Mirnezami, Beaudry, & Larivière, 2016), since citation rates captured in this study are
collective till date. In both cases, women’s lower citation records can have a negative
implication on women career progression and recognition at least on the short term, putting
them in an ongoing unfair “catch up” game with their men peers.
It is difficult to argue that gender gap in citation is due to quality issues with women’s scientific
output, since gender was not found significant in affecting journal ranking in which the papers
are published. The journal ranking captured in the sample is corresponding to the year under
study, so it is not influenced by time. Journal ranking is considered an important measure of
37

publication quality since it passes by a peer review process before getting accepted for
publishing; an orchestrated quality assurance process, which might be perceived more reliable
than the wisdom of public self-selection. The only exception to that pattern in the sample and
subsamples was found for year 2019 with publications having all authors with Egyptian
affiliations. Gender was found to be significantly and positively co-related with journal
placement at 1% in favor of women (H3b).
Looking into other variables influencing citation rates, it was no surprise that journal ranking
scored the highest significance in terms of magnitude at 10%, positively impacting the citation
rate (H3a). As implied earlier, metrices of journals ranking have been adopted as a strong
bibliometric indicator for quality of publications. Hence, a prestigious journal placement
enhances the visibility of a publication, as they garner better publicity and better trust,
eventually attracting more citation (Tower, Plummer, & Ridgewell, 2007). For example,
famous respected journals like “Nature” with a distinguished ranking, will most probably
receive more citations compared to others with lower impact factor or Scimago ranking. This
is mostly because they would have wider audience base and higher quality perception. It was
interesting to see, how the strength of this relationship noticeably increases with EE versus FA
subsamples from approximately 14 and 7 (years 2019 and 2014 respectively) for the latter
reaching 21 and 10 (years 2019 and 2014 respectively) in the former. We argue that this can
be attributed to scientific impact of nations (H5) (Smith, Weinberger, Bruna, & Allesina, 2014),
where developed countries are known to receive more citations than less developed one. With
lack of international collaboration with EE sub-dataset, high journal ranking might be making
up for the relatively low country impact of Egypt (ranking 49/240 on Scimago). Allowing the
publication placed in better journal receive more citation than others.
Although the notable effect of JR on citation was found for both years 2014 and 2019, however,
its coefficient magnitude varied widely between the two years decreasing from 18.3 in 2014 to
5.769 in 2019 for TT, from 13.97 in 2104 to 6.806 in 2019 for FA, and from 21.19 in 2014 to
10.37 in 2019 for EE. This weakening relationship between citation rate and journal ranking
has been recently captured by number of scholars (Finardi, 2013; Lozano, Larivière, &
Gingras, 2012). It is argued that citation behavior is changing in the digital era (ibid). More
and more researchers are conducting electronic literature search by topic on search engines,
rather than consuming specific sources or journals. This allow for papers to be read and cited
according to their own metrics not just the journal they are published it. This phenomenon can
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towards the future be liberating for women authors suffering from gender bias in journal
placement.
Authors H-index were found to be another significant variable influencing the citation rate of
the publications, although not very strong at magnitude. The h-index is an author-level metric
intended to measure both the productivity and citation impact of a researcher. This value does
not account for percentage of contribution by individual authors within the paper (Butson &
Yu, 2010). This means it’s easier to reach higher h-index score by working with large research
groups, intensifying your publications output adding to your h-index value. This is creating an
unfair battlefield for women to score more or equal citations. First, as literature implies, women
tend to collaborate less than men (Araújo, Araújo, Moreira, Herrmann, & Andrade, 2017),
which means they will always be working in smaller group compiling less publications
contributions and hence lower h-index. Moreover, following the argument that women favor
quality over quantity in their publishing strategy (Aksnes et al., 2011), women might produce
less papers with higher contribution or better quality and they will still have a lower h-index,
and eventually lower citation.
Consistently in our sample and sub-sample, significance of the h-index is noticed to be lower
in 2019 than in 2014. One explanation for that drop might be the decreasing popularity of the
metric. Since its inception in 2005, the h-index by “Jorge E. Hirsch”, has gained quite a traction
in the scientific research community affecting hiring, promotion, and funding decisions for
researchers. However, by time many scholars have challenged the reliability of the h-index to
gauge researcher’s scientific impact. It was found for example to penalize early career scientists
and fail to account for different aspects. By comparing the ranking induced by the h-index and
the ranking induced by scientific community awards, Kolten et al showed that the effectiveness
of the h-index as a scienometric measure has declined over time (Koltun & Hafner, 2021). He
interprets this decline by what he described as a dramatic shift in authorship patterns of
scientific publications (ibid). Scientific work is becoming more multi-disciplinary, with much
higher collaboration rates among research groups, disrupting the h-index measurement versus
scientific output.
Contrary to the literature, the influence of the author h-index on the ranking of the journal in
which the paper was published, did not show a consistent behavior with our sample and subsamples. This is though justifiable since Journal placement might be more influenced by the
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hindex of only the corresponding author and may be adding to that the first author as well.
However, in our main data, we capture the hindex of the Egyptian affiliated researcher
regardless of position on the authorship. With the subsample examining only first authors, a
corresponding author with international affiliation for example might change the weight of first
author influence on the journal placing. This variable is found to be positively significant for
both years only with papers having all authors Egyptians, which again might be a reliability
mechanism for authors affiliated by low ranking countries.
Another notable variable for the three regression results is the Open/closed access policy of a
journal. Being open access was found to negatively and significantly affect journal ranking,
which is in line with the overall perception and taboo that those kinds of journals are still
unfortunately suffering from. In 2019 this negative effect was also significant for citation rates
for both TT and FA datasets. Although from descriptive statistics we observed a rising trends
in publishing in open access journals, it looks like scholar still prefer to cite from closed
journals as they have better ranking and are more associated with credibility and quality. From
this we can infer that it will require a system wide change to move the scientific community
into a more open space for knowledge sharing and accumulation. For 2014 of the same sample
categories OA appeared also significant but this time strongly positive. This looks at the first
glimpse contradictory, however, five years earlier the total number of publications in the same
field was much less, probably leaving smaller room for scholars to be selective with citation.
It is logical in this case that developing countries (or low-ranking countries) can have better
chances in visibility and competing when a discipline is new or niche with smaller pool of
research publication at the global level. Our findings from the EE subsample, being the only
analysis without international collaboration, did not fail that assumption; in 2014 the significant
positive effect of OA on citation rate showed the largest coefficient among the three regressions
and in 2019 the negative influence was not significant.
As access to fund is a big topic in the field of scientific research, it was essential to add this
variable to our model and observe findings. For TT and FA, receiving funds had positive and
significant influence on citation rates in the 2014 regression. This might mean that access to
funds offer the resources needed for more valued scientific output. However, for 2019 under
the same sample and subsample, funding status became insignificant. It is worth mentioning
here that percentage of publications receiving funds increased significantly within that fiveyears span for TT and FA. Perhaps as funds get more accessible to the scientific work of many
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researchers, other factors become more prominent differentiator. For EE regression on the other
hand, funding status was insignificant for both years and neither for citation rates nor for SJR.
This can be attributed to the immature scene of research funding discussed previously. It is not
only how many funding opportunities but also how much is its value as a fraction of
international equivalent. While unfortunately our data does not capture amount of funds
received, we were able to differentiate those publications that received private funding
(hypothetically higher in value). We found that it has positive impact on citation and SJR for
both years although not consistently significant.
One puzzle observed in our analysis was collaboration patterns. In contrast to literature (H4)
(Kong & Wang, 2020), number of co-authors were found to be insignificant across all
regressions findings for citation rate. On the other hand, it was found significantly (except for
EE2019) and positively affecting SJR in 2019 while negatively in 2014. It is worth mentioning
here that mean number of coauthors is found significantly higher in 2019 as research groups
are getting bigger than 2014 for both TT and FA samples. Number of collaborating
organizations becomes mostly significantly positive in 2019 for both citation rates and SJR.
Finally, international collaboration was found positively significant in TT and FA only for
journal ranking. It was not yet significant for citation rates, which contradicts literature
findings. However, since we don’t differentiate international collaboration by country, it is
possible that collaborating countries in our sample are mostly with other developing countries
scoring equally or even lower than Egypt, losing the main value of international collaboration,
which is scientific impact of nations.
Table 5: Regression: TT sample citation rate and SJR for 2014 and 2019 publications

VARIABLES

Citation record
for 2014
publications

TTSJR14

18.30***

SJ Ranking for
2014
publications

VARIABLES

Citation record
for 2019
publications

SJR19

5.769***

-1.064
TTdgen14
TThind14
TTCoauth14
TTCollab14

SJ Ranking for
2019
publications

-0.298

-0.429

-0.0415

-2.27

-0.0543

0.455***

0.00520***

-0.0715

-0.00171

0.000515

-0.0507**

-0.911

-0.0218

1.263

0.0305

dgen19
hind19
Coauth19
Collab19

-1.279***

-0.0197

-0.491

-0.0287

0.273***

-0.00013

-0.0223

-0.0013

-0.135

0.0565***

-0.103

-0.00592

1.272***

0.000135
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-0.952

-0.0228

6.386**

0.272***

-2.656

-0.0632

3.917*

-0.104*

-2.339

-0.0559

-7.77

0.464***

-7.462

-0.178

-0.901

-0.264***

-2.391

-0.0568

3.023

0.993***

-3.878

-0.0893

Observations

1,550

1,550

R-squared

0.215

0.076

TTFund14
TTOaxs14
TTIntcoll14
TTEgauth14
Constant

-0.229

-0.0134

0.391

0.173***

-0.485

-0.0282

-1.597***

-0.0838***

-0.474

-0.0277

0.156

0.146***

-0.573

-0.0334

1.782***

-0.0268

-0.621

-0.0363

1.423

0.499***

-0.908

-0.0524

Observations

3,315

3,315

R-squared

0.194

0.102

Fund19
Oaxs19
Intcoll19
Egauth19
Constant

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 6: Regression: FA sample citation rate and SJR for 2014 and 2019 publications

VARIABLES

Citation record
for 2014
publications

FASJR14

13.97***

SJ Ranking for
2014
publications

VARIABLES

Citation record
for 2019
publications

SJR19

6.806***

-1.16
FAdgen14
FAhind14
FACoauth14
FACollab14
FAFund14
FAOaxs14
FAintcoll14
FAConstant

Observations

SJ Ranking for
2019
publications

-0.368

0.511

-0.0605

-1.853

-0.046

0.530***

-0.000098

-0.0652

-0.00162

0.086

-0.0392**

-0.725

-0.0179

0.484

0.0354

-0.895

-0.0222

4.505*

0.284***

-2.383

-0.0586

5.256***

-0.141***

-2.034

-0.0503

-6.839

0.391***

-5.896

-0.146

3.864

0.788***

-2.405

-0.0552

1214

1214

dgen19
hind19
coauth19
Collab19
Fund19
Oaxs19
intcoll19
Constant

Observations

-1.110**

0.0147

-0.492

-0.0262

0.341***

0.00243*

-0.0249

-0.00133

0.0962

0.0343***

-0.141

-0.00749

1.150***

0.0226*

-0.258

-0.0137

0.192

0.148***

-0.499

-0.0264

-1.034**

-0.135***

-0.501

-0.0265

-0.32

0.153***

-0.557

-0.0295

1.160*

0.493***

-0.61

-0.031

2613

2613
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R-squared

0.164

0.047

R-squared

0.229

0.08

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 7: Regression: EE sample citation rate and SJR for 2014 and 2019 publications

VARIABLES

Citation
record for
2014
publications

EESJR14

21.19***

SJ Ranking for
2014 publications

VARIABLES

Citation record for
2019 publications

SJR19

10.37***

-2.162
EEdgen14

-0.568

2.03

0.00293

-2.125

-0.0395

0.704***

0.0104***

-0.1

-0.00182

-0.74

-0.0260*

-0.765

-0.0142

2.529

-0.0169

-1.63

-0.0303

-8.204

0.0363

-5.219

-0.0969

7.722***

-0.189***

-2.729

-0.0501

-5.502*

0.105*

-3.274

-0.0607

18.18**

0.218

-8.813

-0.163

-2.821

0.618***

-2.89

-0.0476

Observations

629

629

R-squared

0.245

0.096

EEhind14
EECoauth14
EECollab14
EEFund14
EEOaxs14
EEprivauth14
EEprivfund14
Constant

SJ Ranking for
2019
publications

dgen19

-1.657***

0.0409*

-0.495

-0.0223

0.319***

0.00701***

-0.0284

-0.00127

0.267

0.00821

-0.171

-0.00772

0.805**

0.0274*

-0.324

-0.0146

0.976

0.00557

-0.631

-0.0285

-0.538

-0.186***

-0.556

-0.0247

-1.393**

0.0559*

-0.699

-0.0315

2.113

0.157**

-1.392

-0.0627

-0.949

0.529***

-0.723

-0.0297

Observations

1529

1529

R-squared

0.302

0.074

hind19
Coauth19
Collab19
Fund19
Oaxs19
privauth19
privfund19
Constant

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

VIII Positive deviants
Looking further into the descriptive statistics of observations by gender, we observed a highly
skewed distribution for both citation rates and SJR, more highly with the former. As shown in
table 2 (Annex A), this skewness exhibits a positive value, indicating a skew to the right, i.e. a
43

heavy right tail. That was also demonstrated using visual plotting of the two variables, as shown
in Figure 4. This means that among our women researchers’ group, few women are
demonstrating an outperformance than their peers in terms of scientific impact. Those potential
positive deviants are an interesting study group to analyze since they can reveal certain
strategies that allow them to advance among their peers under the same limitations. A bottomup approach to informing policies and innovative interventions. In order to claim a positive
deviant situation, it is important to identify those who are exposed to the same resources. We
hence focused on examining only outperformers in receiving citations among papers published
in 2019. For homogeneous grouping, we select EE subsample, where all women researchers
are affiliated by an Egyptian institution.
Publications led by Women researchers under that group, which received above 50 citations
were only 3, versus 18 led by men for the same group. From raw data it appeared that two of
the publications under the same year actually belong to the same first author. Through
secondary research we attempted to learn more about the characteristics of those two women
authors, who led outperforming publications, searching for patterns. We were interested in their
age and education to give an idea about their level of experience and skills. We also examined
their publications track record, which would naturally affect their bibliometric indicators and
trust. Furthermore, we searched for their affiliated organizations as a gauge to exposed
resources.
One very apparent difference between the two authors was their age. One of them (E.M.) is
relatively very young, around 35 years old, while the other (A.S.) is probably more than 60
years old. Also, the younger researcher has a much more visible online presence, while the
latter does not. Both of the authors have a relatively big cumulative number of publications,
however over a very different time span: 36 papers since 2013 for (E.M.) versus 41 papers
since 1987 for (A.S.). They both work in a prestigious governmental research institute in Egypt
and have reported receiving funds for their research work. (E.M.) was found to publish with
less number of co-authors, probably as she is still playing more active role in experimental
work and in writing publications reference to her age, relative to (A.S.) who is probably leading
a research group instead at such senior position and age. While we dived in to find trends and
patterns among positive deviants, we found the opposite. This needs in-depth qualitative
analysis in the future to learn more on their strategies and behaviors leading to outperformance.
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Figure 4: Skewness of women observations for citation rates and SJR across 2014 and 2019.

Source: Constructed by the author.
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IX

Conclusion and Policy Recommendations

Science and innovation are acknowledged to have a fundamental role in economic development
and achieving SGDs. In that context women continue to be an untapped pool of human
potential to expand scientific knowledge production. The negative implications of
gender inequality do not only affect women but also societies as a whole (Bert, 2018).
However, gender issues are still treated as a peripheral concern voiced in social realms. Gender
disparity in science is a reality that has been, not recently enough, picked up by scholars and
policy makers. Literature on labor market suggests that gender is a common determining factor
when it comes to wages disparities and challenges in career progression (Assaad et al., 2021,
Verme, 2014, Chamlou, Muzi, & Ahmed, 2016). In scientific communities, this predisposition
doesn’t change. Although women are progressing in terms of scientific education attainment,
they display a leaky pipeline phenomenon, where less women are found in leadership or
decision-making position along the scientific career pathway (Kahlert, 2014, Leemann, Boes,
& Da Rin, 2009, Lerback & Hanson, 2017, Liani, Nyamongo, Pulford, & Tolhurst, 2021). This
global trend is clearly observed in the Arab region as well. For scientists, productivity and
impact of scientific output adds to the complexity of the career advancement labyrinth.
Academic publishing is tightly tied to professional recognition, prospects for promotion, salary
negotiations, etc (Beaudry & Larivière, 2016, Duch, Zeng, Sales-Pardo, Radicchi, & Woodruff,
2012, Larivière, Gingras, Cronin,& Sugimoto, 2013, Lerchenmueller & Sorenson, 2018). This
is problematic because women are found lagging behind when it comes to scholarly
publications, imposing a strong gender biased playing field. That specific form of agency in
scientific career advancement is the scope of this study; understanding the gender gap in
research productivity and their scientific impact. We focus our research questions on Egyptian
researchers, contributing to the thin literature on the Arab region and on Egypt in particular for
the topic.
At the beginning of this study, we discuss seven hypothesis that we set out to validate on the
gender gap for Egyptian scientists: 1-men publish more, 2- get cited more, 3- receive more
funding, 4- collaborate with bigger groups, and are more outwards in collaboration
internationally.5- While women publish in better journals, 6- and gets a better share in open
access journals. 6- adding for Egyptian context, there is scientific impact of nations, where
journals acceptance bias disfavors developing countries. For that purpose, our study has
compiled from Scopus database, the proportion of citations records of Egyptian scientists under
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the multidisciplinary fields of nanotechnology for years 2019 and 2014. With this data, we
were able to construct number of variables to characterize scientific output and dynamics of
their production, to test for the validity of literature-based hypothesis. We used regression and
descriptive statistics for our bibliometric analysis.
From descriptive statistics our finding suggests that Egyptian men scientists publish
consistently more than women, and in average receive more citations for their publications.
They also publish in better journals, land more funding, and score higher h-index. Egyptian
men scientists also demonstrated more tendency to collaborate with bigger group and higher
chance for that to be international collaboration. Potentially as a by-product, women are more
often first author on their papers. We calculated the mean difference to estimate the gender gap
and found that it is significant between men and women for all variables, except for publishing
in open access journal only in 2014, showing a staggering gender gap disfavoring women. This
gap mostly became narrower in 2019 than 2014 except for receiving fund. This systematic
gender bias exhibited some unique characteristics when we examined only publications having
all the authors affiliated by an Egyptian institute, excluding any international collaboration.
Mean difference in funding was in favor of women, one finding we didn’t anticipate. Also,
women tended to have more co-authors than men in case of local collaborations specially from
the same institute of affiliation. It can be argued that the latter is linked to certain women
intrinsic attitude, however, there it is more arguable that the former heavily relies on the
immature mechanical funding scene at the local Egyptian institutions.
Using regression analysis for years 2019 and 2014, we dug deeper into the relationship between
gender and scientific impact accounting for different influencing variables referred to in our
conceptual framework. For papers published more recently, gender had significant effect on
citation rate disfavoring Egyptian women, especially when they lead the publications
authorship. When women publications are allowed more time, they appear to start catching up
with men’s citation rate as observed with 2014 sample. On the other hand, journal was found
to be insignificant for journal placement, except when the Egyptian female researcher is first
author it becomes negatively significant, and especially as the journal ranking increase. These
results imply that Egyptian women in science are disadvantaged and suggest remedial
strategies. Some of the other variables were found to strongly influence scientific impact of
publication contributed to by Egyptian researcher. For example, journal ranking and author hindex positively for citation rate, access to fund for journal placement, and journal open access
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negatively for both. Moreover, it was observed that the strengths of most of those relationships
gets weaker in 2019 than 2014 due to changes in the scientific research ecosystem with the
digital era and open access knowledge movement. This is particularly clear in terms of citation
rates than journal placement, since the peer review process of journal is still mechanical and to
an extent rigid. But perhaps the most important finding of this study is that publications solely
authored by Egypt affiliated researchers and does not involve international publications are
faced with more stressors, which can be more conducive to gender disparity. They face journal
placement bias coming from a developing country and they are produced in resource scarce
environment. Highlighting such pitfalls is considered a starting point to prose an agenda for
change, which calls for more empirical studies to further study the Egyptian context with its
unique characteristics.
It is important to mention that the study still suffer from number of limitations. The most
obvious is the external validity of our findings across the whole scientific research fields
drawing on the size of data and chosen discipline. That being said, given that our analysis
focuses on a ‘multidisciplinary’ field of study, the analysis is likely to be relevant at least for
the areas of applied and natural sciences. Second, this research lies at the intersection between
bibliometrics and econometrics. With this methodology some other aspects related to gender
in scientific research domain, is still missing, such as societal impact, familial organization,
structure of collaboration networks, conscious choices of women, and self-promotion. For that,
other avenues for future research are open, both quantitative and qualitative to rule out other
factors that might be influencing and shaping that gender gap.
In light of the evidence presented in this study, encouraging Egyptian women to enter a
scientific career is not enough to reach their potential ceiling in terms of productivity and
impact. Science policy should pay more attention to adjusting mechanisms and conducive
environment that would allow women scientists to maximize their scientific output towards
career progression. Under the current systems, a call for change should be directed at different
teers and levels: institutional, national, and global. At the institutional dimension, Egyptian
research institutes need to support early-career mentorship for women, promote multiorganizational grants, and encourage multiple PI output for women scientists. This shall help
women researchers to be more outward with their scientific products allowing for more
visibility and recognition. More grants need to also start mandating more diverse research
group for fund recipients including more women and young researchers.
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While zooming out, national policies are found to yet underappreciate gender gap in science
demonstrated in absence of the issue in their main narrative. If that does not change these
gender biases will remain. Initially, national system needs to increase spending on scientific
research to offer scientists the needed resources to produce valued work for both genders. This
does not mean only meeting targets of public budget but also encouraging more private sector
to invest in that domain. In parallel, processes of granting funds should be sensitive to gender
biases as the scene becomes more mature and hence more competitive. On a different node, a
potential vehicle for developing country like Egypt to boost their competitiveness is
strengthening the capability of its scientific communities in new or niche discipline to find a
differentiator among global research giants. This can improve the scientific impact of the
country, which would be particularly valuable for women who do not practice mobility and
international collaboration like their men counterpart. Being a world-wide interrelated system,
global science policy makers must consider new strategies to avoid gender implications of
relying on bibliometric indicators for researcher’s evaluation. Towards gender parity the global
scene must thoughtfully design different mechanisms and criteria for assessment that
emphasize multidimensional expression of research achievements with gender considerations.
Moreover, policies must introduce emphasis on gender representation in peer reviews, editorial
boards, and research councils if we want women to be more active and more valued in scholarly
publication. Finally, more empirical studies should be invested in to further examine the local
situation and understanding the contextual determinants of gender gap in science, which is
essential to devising effective and sustainable policies for this issue.
At the end, gender disparity in science is a reality. Women continue to face a disfavored
environment in scientific research productivity battlefield, potentially influencing their career
opportunities and glass ceiling. This study demonstrates that the situation for Egyptian women
scientists is not different yet exacerbated by the immature scientific ecosystem. Investing in
more aggressive policies in implementation and in narrative is the only pathway to create a
conducive environment for women’s achievement to be visible and well recognized.
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Annex A

Table 1: Data Processing and Harmonization Details to Construct Variables of interest

Raw form of retrieved

Variable of

data

interest

Names of authors,

Gender of first

starting with last name

author (dgen)

Data processing and harmonization

•

We Isolated the first author having an
Egyptian affiliation from the list of

following by first and

authors. This was done automatically

middle name

for papers with all Egyptian authors

abbreviations.

and manually with papers that have
mixed affiliating countries.

Affiliation for each

•

First name for authors of interest

author, including

were manually retrieved from Scopus

institute, city, and

authors profile.

country.

•

We used genderize.io database to
predict author gender from first name.
genderize.io is an API, which uses
social media data to match name with
gender.

•

Gender prediction with confidence
level less than 90% was manually
reviewed and adjusted.

Capturing

•

A secondary filter was applied to

international

Scopus data excluding all affiliated

collaboration in

countries except for Egypt. This

a dummy

allowed for splitting the data sets into

variable

two: one with all authors affiliated by

(dicollab)

an Egyptian institute, and the second
one had mixed countries affiliation
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with minimum of one author
affiliated by and Egyptian institute.

Domestic

•

Counted from affiliation by author,

collaboration

excluding first author and repeated

with other

affiliations.

institutes, in
case of no
international
collaboration.
(decollab)
•

Names of authors

Author’s

hyperlinked to individual

Hindex, a metric

Egyptian affiliation, h-index for each

author profiles

for evaluating

author was retrieved manually from

the cumulative

authors profile on Scopus.

After separating authors with

impact of an
author's
scholarly output
and performance
(hindex)
•

List of all authors

Number of co-

contributed to the

authors as a

separated in different cells, then

publication

proxy for

automatically counted using excel

tendency to

formula (COUNTA).

collaborate

•

(coauth)

Affiliation from

For each record, authors were

Only number of co-authors is counted
excluding the author under study.

•

For publications with all Egypt

private

affiliated authors, papers with at least

institution for

one author having an affiliation from
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any of the

a private institute was manually

authors,

identified and tagged.

accounting for
better access to
resources than
all publicly coauthored studies
(in case of no
international
collaboration)
(pauth).
•

Funding

A dummy

acknowledgment text.

variable for

empty funding acknowledgment or

receiving fund

funding details text were labeled 0

(dfun)

and all the ones that were filled were

Funding details text

Using excel command all papers with

labeled 1.

Whether the

•

For publications with all Egypt

fund is from

affiliated authors, private and public

public or private

funds was manually identified and

source, in case

tagged.

of no
international
collaboration
into a dummy
variable
(dsfun).
•

Name of the journal in

Ranking of the

which the paper is

journal in which

against SCImago scientific journal

published

the paper is

ranking (SJR).

Journals were matched and scored

published (sjr)
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•

SJR was chosen over Thomson
impact factor for two reasons: 1- SJR
covers triple the number of journals
(34,000 versus 11,500), 2- SJR source
is Scopus, similar to our dataset
ensuring journals coverage, 3- the
rank is normalized to account for
different discipline, while Thomson
impact factor does not.

Number of citations per

Number of

paper.

citations per

•

Used directly as downloaded from
Scopus.

paper (ncit).
Whether the paper was

Whether the

published in an open

paper was

access journal or not

published in an

•

Used directly as downloaded from
Scopus.

open access
journal or not
(opax)
Source: Constructed by the author.
Table 2: Skewness of women observations for citation rates and SJR across different sample
and subsamples for the two years 2014 and 2019.
stats
skewness

TTnCit19
5.292

TTSJR19
4.599

stats
skewness

FAnCit19
4.966

FASJR19
4.706

stats
skewness

EEnCit19
2.462

EESJR19
1.319

53

References
Acker, S. (1977). Sex differences in graduate student ambition: Do men publish while
women perish? Sex Roles 1977 3:3, 3(3), 285–299. https://doi.org/10.1007/BF00287616
Aiston, S., & Jung, J. (2015). Women academics and research productivity: an international
comparison. Gender and Education, 27, 1–16.
https://doi.org/10.1080/09540253.2015.1024617
Aksnes, D. W., Rorstad, K., Piro, F., & Sivertsen, G. (2011). Are female researchers less
cited? A large-scale study of Norwegian scientists. Journal of the American Society for
Information Science and Technology, 62(4), 628–636.
https://doi.org/10.1002/ASI.21486
Araújo, E. B., Araújo, N. A. M., Moreira, A. A., Herrmann, H. J., & Andrade, J. S. (2017).
Gender differences in scientific collaborations: Women are more egalitarian than men.
PLOS ONE, 12(5), e0176791. https://doi.org/10.1371/JOURNAL.PONE.0176791
al Maaitah, R., Oweis, A., Olimat, H., Ikhlas, A., & Al-Maaitah, H. (2012). Barriers
Hindering Jordanian Women’ s Advancement to Higher Political and Leadership
Positions. Journal of International Women’s Studies, 13, 101–122.
Allui, A., & Kamaludin, K. (2017). Career Advancement and Challenges of Saudi Women
Graduates. Undefined.
Amrein, K., Langmann, A., Fahrleitner-Pammer, A., Pieber, T. R., & Zollner-Schwetz, I.
(2011). Women Underrepresented on Editorial Boards of 60 Major Medical Journals.
Gender Medicine, 8(6), 378–387. https://doi.org/10.1016/J.GENM.2011.10.007
Arab Republic of Egypt. (2014). Constitution of The Arab Republic of Egypt. Retrieved
October 26, 2021, from https://www.sis.gov.eg/Newvr/Dustor-en001.pdf
Ashkan Ebadi, A. S. (2016). Gender Differences in Research Output, Funding and
Collaboration. International Journal of Humanitarian and Social Sciences. Retrieved
from https://publications.waset.org/10004671/gender-differences-in-research-outputfunding-and-collaboration
Assaad, R., Hendy, R., Lassassi, M., & Yassin, S. (2021). Explaining the MENA paradox.
DEMOGRAPHIC RESEARCH, 43, 817–850. https://doi.org/10.2307/26967825
Ball, R. (2019). Chapter 2 - Introduction and History. In An introduction to bibliometrics:
New Development and Trends. essay, Chandos Publishing.
Barsoum, G., Ramadan, M., & Mostafa, M. (2014). Labour market transitions of young
women and men in Egypt . Retrieved from www.ilo.org/publns
Baruch, Y. (2016). Global or North American?: A Geographical Based Comparative Analysis
of Publications in Top Management Journals.
Http://Dx.Doi.Org/10.1177/147059580111010, 1(1), 109–126.
https://doi.org/10.1177/147059580111010
Beaudry, C., & Larivière, V. (2016). Which gender gap? Factors affecting researchers’
scientific impact in science and medicine. Research Policy, 45(9), 1790–1817.
https://doi.org/10.1016/j.respol.2016.05.009
Bennett, L. M., & Gadlin, H. (2012). Collaboration and team science: from theory to practice.
Journal of investigative medicine : the official publication of the American Federation
for Clinical Research, 60(5), 768–775. https://doi.org/10.2310/JIM.0b013e318250871d
Bernardi, K., Lyons, N. B., Huang, L., Holihan, J. L., Olavarria, O. A., Martin, A. C., …
Liang, M. K. (2020). Gender Disparity in Authorship of Peer-Reviewed Medical
Publications. The American Journal of the Medical Sciences, 360(5), 511–516.
https://doi.org/10.1016/J.AMJMS.2019.11.005
Bert, A. (2018). 3 reasons gender diversity is crucial to science. Retrieved October 24, 2021,
54

from https://www.elsevier.com/connect/3-reasons-gender-diversity-is-crucial-to-science
Bhatti, A., & Ali, R. (2020). Gender, Culture and Leadership: Learning from the Experiences of Women Academics in Pakistani Universities. Journal of Education & SoCial Sciences, 8(2), 16–32. https://doi.org/10.20547/jess0822008202
Bird, D. K. S. (2011). Do women publish fewer journal articles than men? Sex differences in
publication productivity in the social sciences.
Http://Dx.Doi.Org/10.1080/01425692.2011.596387, 32(6), 921–937.
https://doi.org/10.1080/01425692.2011.596387
Bonham, K. S., & Stefan, M. I. (2017). Gender disparity in computational biology research
publications. BioRxiv, 070631. https://doi.org/10.1101/070631
Bordons, M., Morillo, F., Fernández, M. T., & Gómez, I. (2003). One step further in the
production of bibliometric indicators at the micro level: Differences by gender and
professional category of scientists. In Scientometrics (Vol. 57, pp. 159–173).
https://doi.org/10.1023/A:1024181400646
Bozeman, B., & Corley, E. (2004). Scientists’ collaboration strategies: implications for
scientific and technical human capital. Research Policy, 33(4), 599–616.
https://doi.org/10.1016/J.RESPOL.2004.01.008
Bozeman, B., & Gaughan, M. (2011). How do men and women differ in research
collaborations? An analysis of the collaborative motives and strategies of academic
researchers. Research Policy, 40(10), 1393–1402.
https://doi.org/10.1016/J.RESPOL.2011.07.002
Brink, M. van den, & Benschop, Y. (2011). Gender practices in the construction of academic
excellence: Sheep with five legs: Http://Dx.Doi.Org/10.1177/1350508411414293, 19(4),
507–524. https://doi.org/10.1177/1350508411414293
Budrikis, Z. (2020). Growing citation gender gap. Nature Reviews Physics 2020 2:7, 2(7),
346–346. https://doi.org/10.1038/s42254-020-0207-3
Bührer, S., Schmidt, E., Palmen, R., & Reidl, S. (2020). Evaluating gender equality effects in
research and innovation systems. Scientometrics, 125. https://doi.org/10.1007/s11192020-03596-1
Butson, M., & Yu, P. (2010). The first author h-index (hfa-index): Levelling the field for
small and large institute medical and science scholars. Australasian Physical &
Engineering Sciences in Medicine / Supported by the Australasian College of Physical
Scientists in Medicine and the Australasian Association of Physical Sciences in
Medicine, 33, 299–300. https://doi.org/10.1007/s13246-010-0038-0
C, L., MJ, L., & O, S. (2018). Long-Term Analysis of Sex Differences in Prestigious
Authorships in Cardiovascular Research Supported by the National Institutes of Health.
Circulation, 137(8), 880–882.
https://doi.org/10.1161/CIRCULATIONAHA.117.032325
Chamlou, N., Muzi, S., & Ahmed, H. (2011). Understanding the Determinants of Female
Labor Force Participation in the Middle East and North Africa Region: The Role of
Education and Social Norms in Amman. Working Papers. Retrieved from
https://ideas.repec.org/p/laa/wpaper/31.html
Chamlou, N., Muzi, S., & Ahmed, H. (2016). The Determinants of Female Labor Force
Participation in the Middle East and North Africa Region: The Role of Education and
Social Norms in Amman, Cairo, and Sana’a. Women, Work and Welfare in the Middle
East and North Africa, 323–350. https://doi.org/10.1142/9781783267347_0012
Chinchilla-Rodríguez, Z., Miao, L., Murray, D., Robinson-García, N., Costas, R., &
Sugimoto, C. R. (2018). A Global Comparison of Scientific Mobility and Collaboration
According to National Scientific Capacities. Frontiers in Research Metrics and
Analytics, 3. https://doi.org/10.3389/frma.2018.00017

55

Clauset, A., Arbesman, S., & Larremore, D. (2015). Systematic inequality and hierarchy in
faculty hiring networks. Science Advances, 1, e1400005–e1400005.
https://doi.org/10.1126/sciadv.1400005
Clements, J. C. (2017). Open access articles receive more citations in hybrid marine ecology
journals. Https://Doi.Org/10.1139/Facets-2016-0032, 2(1), 1–14.
https://doi.org/10.1139/FACETS-2016-0032
CONSTANT, L., EDOCHIE, I., GLICK, P., MARTINI, J., & GARBER, C. (2020). Barriers
to employment that women face in Egypt. Retrieved from
https://www.rand.org/content/dam/rand/pubs/research_reports/RR2800/RR2868/RAND
_RR2868.pdf
Dakhli, M., Dinkha, J., & Matta, M. (2010). Educational Attainment and Career Success in
the GCC: Does Gender Matter? International Business Faculty Publications. Retrieved
from https://scholarworks.gsu.edu/intlbus_facpub/40
Duch, J., Zeng, X. H. T., Sales-Pardo, M., Radicchi, F., Otis, S., Woodruff, T. K., & Amaral,
L. A. N. (2012). The Possible Role of Resource Requirements and Academic CareerChoice Risk on Gender Differences in Publication Rate and Impact. PLOS ONE, 7(12),
e51332. https://doi.org/10.1371/JOURNAL.PONE.0051332
Dutta, S., Reynoso, R. E., Garanasvili, A., Lanvin, B., Wunsch-Vincent, S., Rivera León, L.,
… Guadagno, F. (2019). THE GLOBAL INNOVATION INDEX 2019 Key findings in
brief, 1–78. Retrieved from
https://www.wipo.int/edocs/pubdocs/en/wipo_pub_gii_2019-chapter1.pdf#page=41
European commission. (2008). MAPPING THE MAZE: GETTING MORE WOMEN TO THE
TOP IN RESEARCH. Retrieved from http://ec.europa.eu/research/research-eu
Fakih, A., & Ghazalian, P. (2013). Female Labour Force Participation in MENA’s
Manufacturing Sector: The Implications of Firm-Related and National Factors. SSRN
Electronic Journal. https://doi.org/10.2139/ssrn.2370441
Filardo, G., da Graca, B., Sass, D., Pollock, B., Smith, E., & Martinez, M. (2016). Trends and
comparison of female first authorship in high impact medical journals: Observational
study (1994-2014). BMJ, 352, i847. https://doi.org/10.1136/bmj.i847
Finardi, U. (2013). Correlation between Journal Impact Factor and Citation Performance: An
experimental study. Journal of Informetrics, 7, 357–370.
https://doi.org/10.1016/j.joi.2012.12.004
Gargouri, Y., Hajjem, C., Larivière, V., Gingras, Y., Carr, L., Brody, T., & Harnad, S.
(2010). Self-Selected or Mandated, Open Access Increases Citation Impact for Higher
Quality Research. PLOS ONE, 5(10), e13636.
https://doi.org/10.1371/JOURNAL.PONE.0013636
Gonzalez-Brambila, C., & Veloso, F. M. (2007). The determinants of research output and
impact: A study of Mexican researchers. Research Policy, 36(7), 1035–1051.
https://doi.org/10.1016/j.respol.2007.03.005
Haas, M., Koeszegi, S. T., & Zedlacher, E. (2016). Breaking Patterns? How Female
Scientists Negotiate their Token Role in their Life Stories.
https://doi.org/10.1111/gwao.12124
Harvey, L. A. (2020). We need to value research quality more than quantity. Spinal Cord
2020 58:10, 58(10), 1047–1047. https://doi.org/10.1038/s41393-020-00543-y
Hayo, B., & Caris, T. (2013). Female Labour Force Participation in the MENA Region: The
Role of Identity. Review of Middle East Economics and Finance, 9(3), 271–292.
https://doi.org/10.1515/RMEEF-2013-0021
Hesli, V. L., & Lee, J. M. (2011). Faculty Research Productivity: Why Do Some of Our
Colleagues Publish More than Others? PS: Political Science & Politics, 44(2), 393–408.
https://doi.org/10.1017/S1049096511000242

56

Hildrun, K., Alexander, P., Johannes, S., Hildrun, K., Alexander, P., & Johannes, S. (2012).
Research evaluation. Part II: gender effects of evaluation: are men more productive and
more cited than women? Scientometrics, 93, 17–30. https://doi.org/10.1007/s11192-0120659-z
Holman, L., Stuart-Fox, D., & Hauser, C. (2018). The gender gap in science: How long until
women are equally represented? PLOS Biology, 16, e2004956.
https://doi.org/10.1371/journal.pbio.2004956
Housri, N., Cheung, M. C., Koniaris, L. G., & Zimmers, T. A. (2008). Scientific Impact of
Women in Academic Surgery. https://doi.org/10.1016/j.jss.2008.02.015
Howe-Walsh, L., & Turnbull, S. (2016). Barriers to women leaders in academia: tales from
science and technology. Studies in Higher Education, 41(3), 415–428.
https://doi.org/10.1080/03075079.2014.929102
Huyer, S. (2015). Is the gender gap narrowing in science and engineering. UNESCO Global
Science Report: Towards 2030, 85–103. Retrieved from
http://unesdoc.unesco.org/images/0023/002354/235406e.pdf%0Ahttp://unesdoc.unesco.
org/images/0023/002354/235407e.pdf
Ioannidis, J. P. A. (2016). Evidence-based medicine has been hijacked: a report to David
Sackett. Journal of Clinical Epidemiology, 73, 82–86.
ILO. (2017). High female education and low labour participation rates: IFAD and ILO tackle
the “MENA gender paradox.” Retrieved September 24, 2021, from
https://www.ilo.org/beirut/media-centre/fs/WCMS_565105/lang--en/index.html
Islam, S. (2017). Arab Women in Science, Technology, Engineering and Mathematics Fields:
The Way Forward. World Journal of Education. Retrieved from
https://eric.ed.gov/?id=EJ1162654
Jayashree, P., Lindsay, V., & Mccarthy, G. (n.d.). Career capital development of women in
the Arab Middle East context: addressing the pipeline block. https://doi.org/10.1108/PR10-2018-0436
Jaziri, S. (2019). The experience of Tunisian women in science and physics ARTICLES
YOU MAY BE INTERESTED IN Tunisian women in scientific research AIP
Conference. AIP Conference Proceedings, 2109, 50043.
https://doi.org/10.1063/1.5110111
Jonkers, K., & Cruz-Castro, L. (2013). Research upon return: The effect of international
mobility on scientific ties, production and impact. Research Policy, 42, 1366–1377.
https://doi.org/10.1016/j.respol.2013.05.005
JR, P., H, J., RM, W., WT, S., & VW, P. (2011). Sex differences in application, success, and
funding rates for NIH extramural programs. Academic Medicine : Journal of the
Association of American Medical Colleges, 86(6), 759–767.
https://doi.org/10.1097/ACM.0B013E31821836FF
Kahlert, H. (2014). Gender (In)Equality in Academic Career Promotion of Doctoral Students
(pp. 37–62). https://doi.org/10.1007/978-3-658-04061-1_3
Kahn, S., & Ginther, D. (2018). Women and Science, Technology, Engineering, and
Mathematics (STEM). The Oxford Handbook of Women and the Economy, 767–798.
https://doi.org/10.1093/OXFORDHB/9780190628963.013.13
Khedr, W. (2017). Gendered beliefs about glass ceiling in Egypt. Gender in Management: An
International Journal, 32(6), 404–419. https://doi.org/10.1108/GM-01-2017-0002
King, M. M., Bergstrom, C. T., Correll, S. J., Jacquet, J., & West, J. D. (2017). Men Set Their
Own Cites High: Gender and Self-citation across Fields and over Time:
Https://Doi.Org/10.1177/2378023117738903, 3, 237802311773890.
https://doi.org/10.1177/2378023117738903
Knobloch-Westerwick, S., & Glynn, C. J. (2013). The Matilda Effect—Role Congruity

57

Effects on Scholarly Communication. Communication Research, 40(1), 3–26.
https://doi.org/10.1177/0093650211418339
Koltun, V., & Hafner, D. (2021). The h-index is no longer an effective correlate of scientific
reputation. PLOS ONE, 16(6), e0253397.
https://doi.org/10.1371/JOURNAL.PONE.0253397
Kong, L., & Wang, D. (2020). Comparison of citations and attention of cover and non-cover
papers. Journal of Informetrics, 14, 101095. https://doi.org/10.1016/j.joi.2020.101095
Kwiek, M., & Roszka, W. (2020). GENDER DISPARITIES IN INTERNATIONAL
RESEARCH COLLABORATION: A STUDY OF 25,000 UNIVERSITY
PROFESSORS. Journal of Economic Surveys. https://doi.org/10.1111/JOES.12395
Lariviere, V., & Gingras, Y. (2009). The Impact Factor’s Matthew Effect: A Natural
Experiment in Bibliometrics. Journal of the American Society for Information Science
and Technology, 61. https://doi.org/10.1002/asi.21232
Larivière, V., Ni, C., Gingras, Y., Cronin, B., & Sugimoto, C. R. (2013). Global gender
disparities in science. Nature. https://doi.org/10.1038/504211a
Larivière, V., Vignola-Gagné, E., Villeneuve, C., Gélinas, P., & Gingras, Y. (2011a). Sex
differences in research funding, productivity and impact: an analysis of Québec
university professors. Scientometrics, 87(3), 483–498. https://doi.org/10.1007/S11192011-0369-Y
Larivière, V., Vignola-Gagné, E., Villeneuve, C., Gélinas, P., & Gingras, Y. (2011b). Sex
differences in research funding, productivity and impact: An analysis of Québec
university professors. Scientometrics, 87(3), 483–498. https://doi.org/10.1007/S11192011-0369-Y
Lee, R., & Ellemers, N. (2015). Gender contributes to personal research funding success in
The Netherlands. Proceedings of the National Academy of Sciences of the United States
of America, 112. https://doi.org/10.1073/pnas.1510159112
Lee, S., & Bozeman, B. (2016). The Impact of Research Collaboration on Scientific
Productivity: Http://Dx.Doi.Org/10.1177/0306312705052359, 35(5), 673–702.
https://doi.org/10.1177/0306312705052359
Leeb, C. (2004). Working-Class Women in Elite Academia: A Philosophical Inquiry.
Leemann, R. J., Boes, S., & Da Rin, S. (2009). The “Leaky Pipeline” in Switzerland: What is
Causing Women to Drop out of Academic Research and Careers at Senior Levels? In
2nd International RESUP-OSPS Conference Lausanne. University of Teacher
Education. Retrieved from https://edudoc.ch/record/102001
Lerback, J., & Hanson, B. (2017). Journals invite too few women to referee. Nature, 541,
455–457. https://doi.org/10.1038/541455a
Lerchenmueller, M. J., & Sorenson, O. (2018). The gender gap in early career transitions in
the life sciences. Research Policy, 47(6), 1007–1017.
https://doi.org/10.1016/J.RESPOL.2018.02.009
Lewison, G. (2001). The quantity and quality of female researchers: A bibliometric study of
Iceland. Scientometrics, 52(1), 29–43. https://doi.org/10.1023/A:1012794810883
Liani, M. L., Nyamongo, I. K., Pulford, J., & Tolhurst, R. (2021). An intersectional gender
analysis of familial and socio-cultural drivers of inequitable scientific career progression
of researchers in Sub-Saharan Africa. Global Health Research and Policy 2021 6:1,
6(1), 1–16. https://doi.org/10.1186/S41256-021-00213-3
Long, J. S. (1990). The Origins of Sex Differences in Science. Social Forces, 68(4), 1297.
https://doi.org/10.2307/2579146
Long, J. S. (1992). Measures of Sex Differences in Scientific Productivity. Social Forces,
71(1), 159. https://doi.org/10.2307/2579971
Lozano, G. A., Larivière, V., & Gingras, Y. (2012). The weakening relationship between the

58

impact factor and papers’ citations in the digital age. Journal of the American Society for
Information Science and Technology, 63(11), 2140–2145.
https://doi.org/10.1002/ASI.22731
Lühe, J. (2014a). In search of the glass ceiling: What mechanisms and barriers hinder
qualified women from progressing in academia? Paths to Career and Success for
Women in Science: Findings from International Research, 79–91.
https://doi.org/10.1007/978-3-658-04061-1_5
Lühe, J. (2014b). In Search of the Glass Ceiling: What Mechanisms and Barriers Hinder
Qualified Women from Progressing in Academia? In Paths to Career and Success for
Women in Science: Findings from International Research (pp. 79–91).
https://doi.org/10.1007/978-3-658-04061-1_5
Macaluso, B., Larivière, V., Sugimoto, T., & Sugimoto, C. (2016). Is Science Built on the
Shoulders of Women? A Study of Gender Differences in Contributorship. Academic
Medicine : Journal of the Association of American Medical Colleges, 91.
https://doi.org/10.1097/ACM.0000000000001261
Mammides, C., Goodale, U. M., Corlett, R. T., Chen, J., Bawa, K. S., Hariya, H., …
Goodale, E. (2016). Increasing geographic diversity in the international conservation
literature: A stalled process? Biological Conservation, 198, 78–83.
https://doi.org/10.1016/J.BIOCON.2016.03.030
Mathews, A. L., & Andersen, K. (2001). A gender gap in publishing? Women’s
representation in edited political science books. PS - Political Science and Politics,
34(1), 143–147. https://doi.org/10.1017/S1049096501000221
MCDOWELL, J. M., SINGELL, L. D., & STATER, M. (2006). TWO TO TANGO?
GENDER DIFFERENCES IN THE DECISIONS TO PUBLISH AND COAUTHOR.
Economic Inquiry, 44(1), 153–168. https://doi.org/10.1093/EI/CBI065
MG, H., JR, F., MK, C., FB, W., & R, A. (2013). Differences in research funding for women
scientists: a systematic comparison of UK investments in global infectious disease
research during 1997-2010. BMJ Open, 3(12). https://doi.org/10.1136/BMJOPEN-2013003362
Milojevi , S. (2014). Principles of Scientific Research Team Formation and Evolution.
Proceedings of the National Academy of Sciences, 111(11), 3984–3989.
https://doi.org/10.1073/pnas.1309723111
Ministry of Higher Education and Scientific Research. (2019). National Strategy for Science,
Technology and Innovation 2030. Retrieved from http://www.crci.sci.eg/wpcontent/uploads/2019/12/National-Strategy-for-Science-Technology-and-Innovation2030.pdf
Mirnezami, S. R., Beaudry, C., & Larivière, V. (2016). What determines researchers’
scientific impact? A case study of Quebec researchers. Science and Public Policy, 43(2),
262–274. https://doi.org/10.1093/scipol/scv038
Mostafa, M. M. (2003). Attitudes towards women who work in Egypt. Women in
Management Review, 18(5), 252–266. https://doi.org/10.1108/09649420310485096
Murray, D., Siler, K., Lariviére, V., Chan, W., Collings, A., Raymond, J., & Sugimoto, C.
(2018). Gender and international diversity improves equity in peer review.
https://doi.org/10.1101/400515
Niles, M. T., Schimanski, L. A., McKiernan, E. C., & Alperin, J. P. (2020). Why we publish
where we do: Faculty publishing values and their relationship to review, promotion and
tenure expectations. PLOS ONE, 15(3), e0228914.
https://doi.org/10.1371/JOURNAL.PONE.0228914
OECD. (2015). System Innovation: Synthesis Report.
Prpić, K. (2002). Gender and productivity differentials in science. Scientometrics 2002 55:1,

59

55(1), 27–58. https://doi.org/10.1023/A:1016046819457
Ridgeway, C. L. (1997). Interaction and the conservation of gender inequality: Considering
employment. American Sociological Review, 62(2), 218–235.
https://doi.org/10.2307/2657301
Rutkauskas, A. V., Račinskaja, I., & Kvietkauskienė, A. (2014). Complex System
Technologies as an Adequate Synergy Tool of Knowledge and Innovation Functions
Projecting Sustainability of the Development. Procedia - Social and Behavioral
Sciences, 110, 113–121. https://doi.org/10.1016/J.SBSPRO.2013.12.853
Sá, C., Cowley, S., Martinez, M., Kachynska, N., & Sabzalieva, E. (2020). Gender gaps in
research productivity and recognition among elite scientists in the U.S., Canada, and
South Africa. PLOS ONE, 15(10), e0240903.
https://doi.org/10.1371/JOURNAL.PONE.0240903
Salameh-Ayanian, M., & Hage, U. El. (2017). Middle Eastern Women in the Workplace:
Between Traditional Careers and Entrepreneurship. Business and Society in the Middle
East: Exploring Responsible Business Practice, 149–164. https://doi.org/10.1007/978-3319-48857-8_9
Sato, S., Gygax, P. M., Randall, J., & Schmid Mast, M. (2020). The leaky pipeline in
research grant peer review and funding decisions: challenges and future directions.
Higher Education 2020 82:1, 82(1), 145–162. https://doi.org/10.1007/S10734-02000626-Y
Schot, J., & Steinmueller, W. E. (2018). Three frames for innovation policy: R&D, systems
of innovation and transformative change. Research Policy, 47(9), 1554–1567.
https://doi.org/10.1016/j.respol.2018.08.011
Şener, S., & Saridoǧan, E. (2011). The effects of science-technology-innovation on
competitiveness and economic growth. In Procedia - Social and Behavioral Sciences
(Vol. 24, pp. 815–828). https://doi.org/10.1016/j.sbspro.2011.09.127
Skopec, M., Issa, H., Reed, J., & Harris, M. (2020). The role of geographic bias in knowledge
diffusion: a systematic review and narrative synthesis. Research Integrity and Peer
Review 2020 5:1, 5(1), 1–14. https://doi.org/10.1186/S41073-019-0088-0
Smith, M. J., Weinberger, C., Bruna, E. M., & Allesina, S. (2014). The scientific impact of
nations: Journal placement and citation performance. PLoS ONE, 9(10).
https://doi.org/10.1371/journal.pone.0109195
Soete, L., Schneegans, S., Eröcal, D., Angathevar, B., & Rasiah, R. (2015). UNESCO science
report, towards 2030: executive summary. Unesco Publishing, 1–38.
https://doi.org/9789231001291
Solow, R. (1998). Technical Change and the Aggregate Production Function. In Real
Business Cycles (pp. 543–551). https://doi.org/10.4324/9780203070710.pt7
Spector, P., Allen, T., Poelmans, S., Cooper, C., Bernin, P., Hart, P., … Yu, S. (2005). An
international comparative study of work-family stress and occupational strain.
Stack, S. (2004). Gender, children and research productivity. Research in Higher Education,
45(8), 891–920. https://doi.org/10.1007/s11162-004-5953-z
The World Bank. (2018). Women Economic Empowerment Study.
TIZIKARA, C. (2019). Investing in women as drivers of growth: A gender-based assessment
of the science, technology and innovation ecosystem in Uganda. African Journal of
Rural Development, 4(2), 261–281. Retrieved from
http://afjrd.org/jos/index.php/afjrd/article/view/2002/197
Tlaiss, H., & Kauser, S. (2010). Perceived organizational barriers to women’s career
advancement in Lebanon. Gender in Management: An International Journal, 25, 462–
496. https://doi.org/10.1108/17542411011069882
Tower, G., Plummer, J., & Ridgewell, B. (2007). A Multidisciplinary Study Of Gender-

60

Based Research Productivity In The Worlds Best Journals. Journal of Diversity
Management (JDM), 2(4), 23–32. https://doi.org/10.19030/JDM.V2I4.5020
Travis, C., Gross, L., & Johnson, B. (2009). Tracking the Gender Pay Gap: A Case Study.
Psychology of Women Quarterly, 33, 410–418. https://doi.org/10.1111/j.14716402.2009.01518.x
Tregenza, T. (2002). Gender bias in the refereeing process? Trends in Ecology and Evolution.
https://doi.org/10.1016/S0169-5347(02)02545-4
UN Women. (2019, March 1). Facts and Figures: Economic Empowerment.
https://doi.org/10.1086/683847
UNESCO. (2015). UNESCO SCIENCE REPORT Towards 2030.
UNESCO. (2020). UNESCO SCIENCE REPORT The race against time for smarter
development.
United Nations. (2016). Sustainable development goals: Metadata. Sustainable Development
Goals. Retrieved from http://www.un.org/sustainabledevelopment/poverty/
United Nations. (2015). Un interagency task team on STI for the sdgs (IATT) | Department of
Economic and Social Affairs. United Nations. Retrieved January 14, 2022, from
https://sdgs.un.org/tfm/interagency-task-team
Urry, M. (2015). Science and gender: Scientists must work harder on equality. Nature 2015
528:7583, 528(7583), 471–473. https://doi.org/10.1038/528471a
van Arensbergen, P., van der Weijden, I., & van den Besselaar, P. (2012). Gender differences
in scientific productivity: a persisting phenomenon? Scientometrics 2012 93:3, 93(3),
857–868. https://doi.org/10.1007/S11192-012-0712-Y
Verme, P. (2014). Economic Development and Female Labor Participation in the Middle
East and North Africa A Test of the U-Shape Hypothesis The World Bank Middle East
and North Africa Region Poverty Reduction and Economic Management Department.
Vishwanath, T. (2012). OPENING DOORS: GENDER EQUALITY IN THE MIDDLE
EAST AND NORTH AFRICA. The World Bank.
Walsh, P. P., Murphy, E., & Horan, D. (2020). The role of science, technology and
innovation in the UN 2030 agenda. Technological Forecasting and Social Change, 154,
119957. https://doi.org/10.1016/J.TECHFORE.2020.119957
Wang, H. M., Ma, A. L., & Guo, T. T. (2020). Gender Concept, Work Pressure, and Work–
Family Conflict: Https://Doi.Org/10.1177/1557988320957522, 14(5).
https://doi.org/10.1177/1557988320957522
Women, U. (2018). In focus: Women and the Sustainable Development Goals (SDGs) | UN
Women – Headquarters. Retrieved October 24, 2021, from
https://www.unwomen.org/en/news/in-focus/women-and-the-sdgs
ZhangFengqing, YanErjia, NiuXin, & ZhuYongjun. (2018). Joint modeling of the association
between NIH funding and its three primary outcomes. Scientometrics, 117(1), 591–602.
https://doi.org/10.1007/S11192-018-2846-Z

61

